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PREFACE 

In the course of my researches on the subject 
of aviation I have frequently noticed the absence 
of any work dealing with the subject of wind 
pressure in relation to engineering, and I am 
inclined to think that this little book meets a 
want that has long been felt by engineers. 

The formulae are as simple in each case as 
circumstances and moderate accuracy will permit, 
and calculus methods are only introduced in 
three places, where it seems almost impossible to 
avoid them. 

I have endeavoured throughout to bring the 
matter as nearly up to date as possible, and 
have included the results recently published by 
Eiffel and Lanchester. By excluding all matters 
not immediately concerned with wind force or of 
those which have not yet attained engineering 
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importance, the work has been reduced to very 
small dimensions. 

I take this opportunity of thanking Mr. 
Galbraith for assistance on the subject of 
Stresses in Masonry. 

HERBERT CHATLEY. 
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THE FORCE OF THE WIND 



CHAPTER I 

PRACTICAL IMPORTANCE OP WIND 
PRESSURE 

The practical problems in which wind pressure plays 
an important part are so numerous that a complete 
list would be of cyclopaedic dimensions, but a classifi- 
cation may be made on the following lines : 

1. Wind Load on Structures. 
%. Resistance to Moving- Bodies. 
3. Power Production. 

The first group will include all cases of wind pressure 
on roofs, bridges, and buildings. 

The second will comprise air resistance to trains, 
projectiles, ships, and flying-machines. 

The third covers the cases of windmills and sailing- 
vessels. 

A yet more general classification can be obtained by 
grouping the second and third types together in one, 

1 A 
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describable as pertaining to the combined effect ot 
wind and independent motion, so that the two classes 
become 

1. Pressure on Stationary Bodies. 

2. Pressure on Moving Bodies. 

It is scarcely necessary to point out that very rarely 
is the wind negligible in any structural or mechanical 
design. Thus in the case of a large railway bridge, 
destruction (implying a large value for the static 
equivalent load) may be produced by the wind, and 
in locomotion, the air resistance may be quite com- 
parable with track or gradient resistance. 

In regard to power production, the windmill and the 
sailing-vessel both owe their propulsive effort to the 
wind pressure on aerodynamic surfaces, and a very 
considerable technical skill is required to design and 
manipulate these appliances so as to employ with a 
maximum efficiency the kinetic energy of the wind 
when the latter varies in both magnitude and direc- 
tion. 

In no subject is the importance of relative motion 
more marked than in this. The main principle in- 
volved is well illustrated in the following example. 

If a bird be flying through the air so th&t from the 
earth he is making an average velocity of 20 miles per 
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hour in a northern direction, and the wind is observed 
to be blowing from the north to the south with an 
average velocity of 10 miles per hour (i.e., as compared 
to the earth), then the bird is moving through the air 
with an average velocity of 20 + 10 = 30 miles per 
hour, or we may also say, the air is moving past the 
bird (regarding the latter as fixed) with the velocity 
of 30 miles per hour. 




Fig. 1. 



If the directions are not in the same line, the 
diagonal of a parallelogram, whose sides are the two 
components, gives the relative velocity (Fig. 1). 

We may then say the resultant or velocity of any body 
relative to the earth is produced by combining the velocity 
of the wind, also relative to the earth, with the velocity of 
the body relative to the wind, or of the wind to the body. 

By the use of this principle all problems of the 
second class become reducible to those of the first, so 
that the general problem of wind pressure is this : 
Given the relative velocity (including " direction ") of 
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the wind to any body, to find the forces produced 
by the reaction which occurs as the wind is deflected 
from the body. 

Hence in all problems concerning the force of the 
wind, two things are required : 

(1) The relative velocity before impact; 

(2) The relative velocity after impact. 




Fig. 2. 

The first is determined by the conditions of the case. 
The second depends on the form and nature of the 
surface in regard to its action on the first. Herein 
lies the difficulty in most problems, and usually 
assumptions have to be made which are not wholly 
warranted. 

When, however, the two are known, the " vector 
difference" (i.e., the quantity which, together with the 
first velocity, produces the second velocity) indicates 
the change of velocity. This multiplied by the mass 
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of air concerned per unit time (generally " lbs. of mass 
per second ") gives the force acting. Its direction is the 
same as that of the " vector difference n (Fig. 2). 

A further difficulty here arises as to the point of 
application of the force (" centre of pressure , '). These 
points will be discussed and illustrations of the process 
outlined above will be given in the following pages. 



CHAPTER II 

IMPULSIVE FORCE OF THE WIND 

It has already been pointed out that the pressure 
exerted by air having a velocity relative to any body is 
dependent on the manner in which that velocity is 
altered by the impact, the force being the time-rate of 
change of the momentum. If the velocities were, in 
each case, simply uniform in magnitude and direction 
there would be no difficulty in computing the force 
produced ; but it generally happens that both the 
incident and reflected streams of air are very complex 
in form, and the velocities of the different parts are 
very varied. 

In chap. iv. the general principles of the "Stream 
Line Theory " will be given. At present it is sufficient 
to say that a " stream line " is the locus of a particle 
travelling past the object on which force is exerted. 
Imagining every one of the particles of air to have its 
path mapped out by such lines, it is easy to see that 
a knowledge of the general trend of such lines would 
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afford a means of knowing the momentum before and 
after impact (Fig. 3). 

Before, however, describing the stream system for 
any specific case, it will be useful to classify the 
different elements which affect the question : 

(1) The density of the air. 

(2) The form of the obstacle. 

(3) The actual magnitude of the velocity of 

approach. 

(4) The smoothness of the surface of the obstacle. 

(5) The rigidity of the obstacle. 




Stream line 

Fig. 3. 



(1) The density of the air (about 0*08 lb. per cubic 
foot) varies so little that there is no necessity to refer 
particularly to this at present. 

(2) The form of the obstacle is probably the most 
important element of all. If a section be taken of the 
obstacle in the plane of a stream, the manner in which 
the stream is diverted by it is all-important in deter- 
mining the reaction. 
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(3) Upon the actual velocity of approach much 
depends. At very small velocities the resistance varies 
as the velocity ; at most small velocities (up to say 
100 miles per hour) the resistance varies as the square 
of the velocity, and at very high velocities the resist- 
ance varies up to the fifth or sixth powers reaching a 
maximum variation when the speed of sound in air 
(1100 feet per second, or 750 miles per hour) is reached. 
It then decreases in variation again, and finally only 
varies as the square of the velocity. 

(4) The smoothness of the surface affects the resist- 
ance in a great degree. A very irregular or rough 
surface produces a frictional resistance which varies 
with the irregularity and the area of the surface. 

(5) If the obstacle be not firmly placed, or if the 
relative velocity of the air change rapidly, impulsive 
forces of great magnitude may be produced. 

We may broadly say that the force depends, in any 
instance, on four factors. 

(a) Head Resistance due to primary diversion of the 
incident streams. 

(b) Negative Pressure due to the formation of a 
partial vacuum at the rear of the obstacle. 

(c) Eddymaking force, waves of eddies or vortices 
form behind the obstacle. 

(d) Skin Friction, referred to in (4) above. (Fig. 4.) 



10 
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The literature and experimental work on this subject 
is enormous, but particular mention may be made of 
the names of Hutton, Duchemin, Dines, Langley, Maxim 
and Eiffel. Work on high velocities has been done by 
Bashford and Mayevski. On the mathematical side the 
names of Lord Rayleigh, Professor Greenhill, Professor 
Bryan and Mr. Mallock will show that the subject has 
by no means been neglected. 




Fig. i. 

The general character of the results obtained is as 
follows : 

(a) Head Resistance is found to vary with (for in- 
stance) some power of the velocity, so that we may 

write 

R» = kV" 

As already mentioned the value of n varies from 1 
to 5. For the usually occurring velocities n may be 
taken as 2. 

(b) Suction or negative pressure is found generally to 
bear a ratio of about 0-6 to 10 to the head resistance. 
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This includes, however, the very variable item (c), wave- 
making force, which, as Mr. Mallock has shown, depends 
chiefly on the difference between the relative velocity 
and the velocity of propagation of sound. 

(d) Skin friction at ordinary speeds is found to 
follow roughly the law (for unit area) 

R, = kV. 2 

All the items vary directly as some power of the area 
not greatly differing from unity, so that a general 
formula may be written 

AR = A (R 4 + R„ + R g ) = A [1-6 k V' 1 + kV 2 ] 

It has been a general custom to abbreviate this into 

a simple formula. 

R = KAV 2 

It is obvious that in some cases this rule will be very 
inaccurate, but it is nevertheless true in the majority 
of practical cases. Ballistics should be mentioned as 
a special exception. 

The constant K will have a different value for each 
type of obstacle. 

The following types of obstacle may be specially 
mentioned. 

(a) Square thin plate perpendicular to the mean 
direction of the relative wind. 

(/3) Oblong ditto. 
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(y) Circular ditto. 

(§) Irregular ditto. 

(t) All the above (a, /3, y, 8) inclined at any angle 
to the mean direction of the relative wind. 

(£) Any combination of plates such as above. 

(rj) Perforated plate. 

(i) Rectangular solid, axially placed. 

(k) Cylindrical „ „ 

(A) Sphere „ „ 

(fx) Ellipsoid „ „ 

(v) Cylindrical solid with any diameter in direction 
of wind. 

(o) Irregular solid in any position. 

(n) Solid of least resistance. 

(p) Ship and Ichthyoid forms. 

(cr) Hollow obstacles (e.g., open sheds). 

(r) Tubes. 

It is an easy matter to arrive at the maximum value 
for K on a flat-faced obstacle, if we assume the truth of 
the law KAV 2 where A is the area projected on to a 
plane perpendicular to the direction of approach, bv 
assuming that all the momentum is lost by the air. 
The quantity of air that approaches per second is AX, 
and its momentum is 

~. AV 2 = say 0.0023 A V s8 
32.2 J 
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Actually the loss of momentum is never so great as 
this, so that we may at once say that K is less than 

0023. On the assumption of the force as the space 
rate of change of kinetic energy we get K just half this 
value and in all practical cases this is increased by 
negative pressure, so that 

K = (l + -) x -0012 

where n is greater than unity. Many experimenters 
make n about 3, so that 

K becomes = - 0016 

It should be understood that this value especially 
applies to case (a) in the above list. 

In cases /3, y, S, i.e., plane areas other than square in 
form, normal to the direction of flow have slightly 
different values for K. It is found that sK increases 
slightly with the area if the shape remaps *fthe same ; 
and also that K increases with the perimeter, the area 
remaining the same. The circle has, therefore, the 
least value for K, being about 1 per cent, less than the 
value for the square area. Rectangles having a side to 
side ratio of 1 to 2 show an increase in K of about 

1 per cent., and with a side to side ratio of 1 to 4, an 
increase of 2 per cent, above the square. An increase 
of area in the ratio of 8 : 1 shows an increase of K in 
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the ratio of about 10 : 1, so that the law would perhaps 
be better expressed in the form 

KA-V 8 

where m is about l'l, and K has the constant value 
•0016. Seeing, however, that this does not take into 
account the variation of perimeter when area is con- 
stant, and also that the index of the velocity is not 




Fig. 5. 

absolutely constant, the simpler form is perhaps pre- 
ferable. In any case the variation is not very great 
and an equal error may easily be made in estimating V.* 
As regards an irregular area it should be remembered 
that the resistance increases with the perimeter. Exactly 
to what extent is not known, but Mr. Lanchester's re- 
search on peripheral flow should be consulted by those 
who wish to obtain a detailed knowledge of the infor- 
mation possessed on this point. 

Case £ has probably received more attention than 
* See paper in Engineer, April 17, 1908. 
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any other, and a complete account of the work done 
would fill many volumes (Fig. 5). 

The simple rule adopted from Lord Rayleigh is quite 
satisfactory for most practical cases and is as follows : 

P M = P 90 x 2 sin 

where 6 is the angle between the plate and the wind, 
P„ is the normal pressure and P 90 is the pressure on the 
plate when square on as above discussed. A maximum 
pressure is reached at about 30° inclination and there- 
after (i.e., from 30° to 90°) the variation is small and 
uncertain. 

M. Eiffel gives a very simple rule 



P n = p 90 HL\ for values of from 0° to 30° 

and P„ = P from 30° to 90°. It is certain, however, 
that the perimeter is of considerable importance. A 
narrow plane with its long edge towards the wind 
experiences a greater thrust than with its narrow edge 
in that direction, the difference amounting to some %0°/ 
above and below the values given above, which refers 
to a square plate. 

The next case, combined plates, is of great import- 
ance in bridge work, and the results are at first sight 
very paradoxical. The simplest combination conceivable 
is that of two plates, both normal to the wind, separated 
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by a certain distance. If this distance is considerable 
(say more than five times the least width of the plates) 
the resistance of the two is about twice that of a single 
plate. If, on the other hand, the distance apart bears 
only a small ratio to the least width of the plates, then 
the joint resistance is considerably less than that of the 
two plates considered as independent units. Thus if 
the ratio is unity {e.g., for circular plates a diameter 
apart) the total resistance is about one-half the resist- 
ance of a single plate. If the ratio is one-half {e.g., two 
circular plates a radius apart) the resistance is about 
three-quarters that of a single plate.* As the distance 
increases the joint resistance increases, so that at a dis- 
tance ratio of 3 the joint resistance is about 1*6 the 
single plate resistance, and at a ratio of 4, 1"8 times 
{Baker). 

Experiments disagree on the resistance when the 
plates are close, Thibault and Eiffel making it smaller 
than the single plate, Sir Benjamin Baker making it in 
no case smaller. Eiffel's recent results were obtained 
by a very elaborate and careful process, so that they 
are probably correct, the diminution being explicable 
on the grounds of a neutralisation of the pressure on 
the leeward plate by the negative pressure on the wind- 
ward plate (Fig. 6). 

* Eiffel. 
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If the plates are both inclined to ths wind, the differ- 
ence is less noticeable. Thus two plates inclined at an 
angle 6 less than 30°, and having the distance ratio 
more than unity, have a joint resistance about twice 
that of a single plate, interference only recurring at 
smaller angles. 




Fig. 6. 

We may generally conclude that in structures, where 
the distance of any two plates, however arranged, is more 
than twice the least dimension of the windward plate, 
they may be considered independently- The case »j 
of a perforated plate has not received very much atten- 
tion. As has been pointed out by Professor Claxton 
Fidler,* it is quite erroneous to take the net area of 
the grating as the effective resistance considering it 
as a flat plate. In passing through the perforations, 
the streams contract so that there is almost the same 
* Treatise on Bridge Construction. 
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discharge through the plate as would take place through 
the space were the plate absent. This being so, there 
must be a high velocity through the orifices and great 
friction and eddying. Mr. Gaudard's formula : 
P = p (S - 0-65,7) 

where P is the resistance, p the ordinary pressure per 
square foot on a normal plate, S the over-all area of the 
plate, and cr the aggregate area of the openings.* 

Passing next to the consideration of solids (cases i to 
p) we notice first the somewhat unexpected result that 
the resistance of a solid is generally less than that of a 
plate having the same frontal aspect. 

This is accounted for by the decrease in the negative 
pressure and eddying. The stream tubes diverted by 
this incidence on to the face return to the sides of the 
solid, run along them and finally meet again in the 
rear after a comparatively small interval. If we can 
guide the stream lines so that they continuously hug 
the sides of the solid, we have a form of " least resist- 
ance " (see next chapter). 

As an example of the quantitative results the follow- 
ing comparisons will be useful. 

Square plate normal to stream 1*0. 
Cube (same linear dimensions) 0*80. 

* Eiffel gets an increase in ratio of resistance — §§ for two lattice 
works one depth apart. 
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Rectangular prism (length = 2 diameters) 0'72. 
„ „ 3 diameters - 71. 

„ „ 4 diameters 0'72. 

{Du Buat.) 

The effect of length in diminishing the eddying is 
here very apparent. After 3 diameters the frictional 
resistance on the surface makes a small increase in the 
resistance. 

A similar set of results from M. Eiffel's recent experi- 
ments will be useful. 

Disc normal to stream - 071 

Cylinder 1 radius long 0071 

„ 1 diameter long 0069 

„ H „ „ 0051 

The case k of a cylinder transverse to the wind is 
of considerable importance in chimney and similar 
problems. Francis Wood, M.I.C.E., in his Practical 
Sanitary Engineering, gives the following ratios : 

Square solid, transverse to wind l'O 

Hexagonal .... "75 

Octagonal .... "65 

Circular "50 

By hydrodynamical theory* the resistance to a cylinder 

* See Lamb's Hydrodynamics, p. 87. 
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is zero, but this is only true in the absence of friction and 
under the critical velocity at which discontinuity takes 
place (see next chapter). Similarly with any profile 
with continuous curvature. 

Cases o, n, p can only be studied in the light of 
the stream line theory, which is the subject of 
chap. iv. 

The case of an open shed is of great practical 
import. A structure open towards the wind and com- 
pletely closed on the windward side is subject to a very 
considerable thrust. If the area normal to the wind be 
A, then the resistance is upwards of 

2 x 0-0016 A V 2 , 

because the forward momentum of the wind has to be 
entirely converted to a backward one in order that the 
air shall escape. If the trend of the air is an upward 
one in leaving the building, the latter tends to be lifted 
bodily, the magnitude of the lifting force being deter- 
minable by taking the vector change of velocity, squaring 
it and multiplying by 00016 times the area in square 
feet of the opening to wind. 

In the case of the entrance to a tube, the resistance 
depends on the change of velocity at the mouth. It is 
shown by writers on hydraulics that this is propor- 
tional to (V — 1>) 8 where V is the velocity before 
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entrance and v the velocity after entrance, and that 
the loss of energy per lb. 

\ r) 1g 

where r is the ratio of the outer area to the tube 
sectional area, and V the velocity of approach. This 




may be converted by the usual rule connecting pressure 
energy and kinetic energy, i.e., 



P 



wV 2 



= -0012 A V 2 



(notice that eddying is here neglected and may be the 
cause of a greater resistance). 

w here stands for the weight (lbs. per second) dis- 
charged, and p is pressure (lbs. per square foot), A the 
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area of the windward part of the plate in which the 
opening is. 

Hence we have resistance due to orifice 

•0012 A V 2 

This does not, of course, include the resistance of the 
plate itself. (Fig. 7.) 

It will, of course, be understood that at each in- 
dividual point of any obstacle the direction of the 
pressure is practically normal to the surface. 



CHAPTER III 

VARIATIONS IN VELOCITY 

An important, but comparatively little considered, 
question is the variation of velocity in the wind. 
The velocity changes with the following factors : 

(1) Place (i.e., on the earth ; latitude and longitude). 

(2) Height (above sea level). 

(3) Temperature. 

(4) Barometric pressure. 

(5) Time (short periodic changes : " gusts "). 

(6) Physical topography. 

Its changes may, of course, be in magnitude or 
direction, such changes being of long or short period. 

A rapid change is generally known as a " gust." A 
change of long period is termed " a change of wind." 
The actual structure of the wind is very complex, but 
there is a general trend to or from certain centres of 
minimum or maximum pressures, frictional and dynamic 
resistance due to obstacles causing local eddy motion. 

Owing to the decrease in the viscous resistance, 
density and pressure at heights, the velocity increases 

23 
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with elevation. The exact law is not known, but 
generally it may be assumed that the ratio of the 
velocities is about equal to the fourth root of the ratio 
of the heights concerned. There are generally winds 
of regular magnitude and direction at a considerable 
height, but these will not affect engineering practice. 
As regards place, it is well known that the maximum 
velocities attained by the wind are vastly greater in 
the tropics than in temperate latitudes, although occa- 
sionally in the latter a velocity of 100 miles per hour 
is observed. 

The first and most important consideration is the 
variation in height. To find the centre of pressure on 
an exposed surface whose lower edge is H above the 
sea level, at which a maximum velocity V may be 
assumed, we proceed as follows : 

T 

I 
i 



mZ-M 



P oc V 2 (1) 

(2) 



v 2 




so that 




V 

v° 

V* = 


V H 

h v « 

H 


/' = 


H„ 



Ho j 

-±— i ,, = WHS = I iIo 

Fia. 8. H VH 



Jh 
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dp=p.b.dh = ^j^X.Jh.dh = p.Jh.dh 

S {dp . h) _ >~h 

S (dp) - ft - / A. dp 

H /*H 



dp. 



H 



. A 2 . dA 



j n- .an / ,„ 5 5 \ 

H, . = ( «(H T -H*o ) 

H (5(Ht- H /) (g) 

A^.dA 

If H = O, then A = \ H (3a) 

and in any other case 

- 3 

A > - H, becoming = H when H = H 



Rule 3 a will be found useful in designing chimneys 
or walls exposed to pressure. 
The total pressure is of course 



5 VHo ^ ° ' W 
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The exact relations between temperature and baro- 
metric pressure are very uncertain. Of course, in 
accordance with the law of convection, air flows 
upwards from places of high temperature and descends 
when cooled; also, it will flow from places of high 
barometic pressure to those of low, the general flow 
being approximately normal to the isobars or line of 
equal pressure. 

Some general notion of the flow of air under a 
difference of temperature or pressure may be obtained 
from the following rules which depend on the conserva- 
tion of energy : 

K>V 2 

Ap = ~w 

where a/>= difference of barometric pressure at two 
places, — = -0012 = half-mass per cubic foot at mean 
temperature, V = velocity, feet per second : 

V = V % • AP = V- 



Ap 

0012 (5) 
V 2 



where k = 0"1721 = specific heat (at constant volume) 
of air (units of heat to raise 1 lb. 1 degree Fahrenheit), 
J = conversion constant (heat units to work units) 
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= 778, t = difference of temperature at two places, so 
that 

V = *J*g .J.ti.i (6) 

With regard to the effect of gusts, precise informa- 
tion as to the duration and range of gusts is wanting, 
but many valuable data will be found in Professor 
Langley's Internal Work of the Wind (Smithsonian 
Institution, Washington). 

It is pointed out by Fidler (Bridge Construction) 
that if a wind blowing with a steady pressure p is 
suddenly augmented to the pressure p + Ap, the stress 
will be proportional to p + 9,.\p. 

This, however, is only true if the pressure is in- 
stantaneously applied, so he suggests the following 
formula : 

P = max. p + ») (max. p — p), 

where P is the effective pressure, p the mean pressure, 
and rj a coefficient less than unity. 

Transforming this into terms of velocity we have : 

KV £ 2 = KV 2 mttx . + „ K (V 2 max . - V 2 ) (7) 

where k is the usual coefficient, V £ is the effective 
velocity, V m „. the maximum velocity, and V the mean 
velocity. 

To render this rule of practical use it is, of course, 
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necessary to know the maximum and mean velocity of 
V, and assume a value for ij. 

According to the Forth Bridge anemometer readings 
the average steady wind pressure was about 36 per 
cent., the maximum of small anemometer plate read- 
ings. Taking the ratio of pressures as the square root 
of the ratio of the velocities, the latter amounts to 60 
per cent., so that 

< \ = f V2 + » (f V2 " V2 ) 



i 



- ¥ v * + - (V 6 V! ) 

If u = J then V 2 f = 1* . V 2 (8) 



This is an extremely high result and must not be taken 
to imply a real pressure J^ 1 - as great as the mean steady 
pressure, but as the static pressure corresponding to the 
dynamic effect of a suddenly acting gust. 

According to the Bidston Observatory records, only 
about once in eight years is a pressure of close on 
40 lbs. per square foot attained. 

The recent work at the National Physical Laboratory 
is noteworthy in regard to the question of irregularity 
in the structure of the wind. 

Numerous experiments carried out there have failed 
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to show any very great difference in the mean pressure 
per square foot on a small structure and on a similar 
but much larger one, so that the data given above will 
apply without dangerous inaccuracy to structures of 
any size.* 

In considering questions of wind pressure, the local 
conformation of land and existing structures should, of 
course, always be noticed. Thus, a long street with its 
length in the direction of the prevailing winds will be 
subject to a steady current of high velocity, the effect 
on a structure at the end of such a street being probably 
greater than if the structure were wholly exposed. Or, 
again, a structure may be so sheltered that little or no 
wind need be allowed for. 

* See papers by Dr. Stanton in the Proo. Inst. C.E., from vol. clvi. 
to date. 



CHAPTER IV 

STREAM LINE THEORY 

Mention has several times been made of stream " lines " 
and "tubes," and it is now necessary to give more 
attention to this subject. Especially is this seen to be 
the case when it is realised that the resistance in all 
cases is not a simple question of loss of momentum or 
kinetic energy. 

A stream line is an imaginary line which maps out 
the path of a particle of moving fluid. Strictly speak- 
ing, the term should be restricted to the case where the 
path is, owing to the constancy of the conditions, 
invariable in direction, the word " line of flow "" being 
used when a less rigid system is considered. If we 
imagine that a mass of air of considerable depth and 
breadth is travelling in a given direction, the lines of 
flow will be parallel lines drawn in that direction when 
the velocity of each particle is equal and in the same 
direction as that of every other particle. It is con- 
venient, although not wholly true, to regard an 

31 
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unresisted wind as of this character. The stream lines 
are infinite in number, but, for convenience, may be 
drawn any suitable distance apart. If we imagine a 
number of such lines enclosing a cylindrical space, then, 
since the particles in that space have lines which do not 
pass out of the cylinder, the system is termed a " tube " 
or " filament." Under steady conditions it is, of course, 
impossible for two stream lines to intersect, as this 
would imply that successive particles could cross each 
other's paths without colliding. 

If now the assumption is made that we have a 
perfect fluid, the quantity flowing along a stream tube 
will not lose any energy. It is customary to call 
the energy per lb. the " head." This head may be of 
three kinds : 

(1) Potential. 

(2) Pressure. 

(3) Kinetic. 

By potential head we mean the distance in feet which 
the fluid can yet descend under gravity. By pressure 
head we mean the height in feet corresponding to the 
pressure exerted by the fluid. 

Since pressure in a fluid is proportional to the density 
and the depth, so that we may write pressure (lbs. per 
sq. foot) = weight (lbs. per cubic foot) x depth (feet) 
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the depths in feet (" pressure head ") corresponding to 
the pressure : 

pressure, lbs. per sq. foot 
weight, lbs. per cubic foot. 

By kinetic head we mean the height in feet correspond- 
ing to the velocity possessed by the fluid. 

Since any body falling freely by gravity gets a 
velocity 

V 2 

V = V64-4 X drop in feet, the height = ^., • 

The total energy therefore per pound is constant and 
equal to 

* + p - + T 

where h is the potential head or drop in feet, 

£- is the drop in feet corresponding to the pressure, 

w 

V 2 

— is the drop in feet corresponding to the velocity. 

If, now, the tube is always filled with fluid the 
quantity discharged per second will always be the same, 
so that this quantity passes each point in the tube per 
second. If we multiply the cross-section of the tube by 

c 
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the velocity the result is the quantity, so that at any 

point the 

, ., , e . . quantity (c. ft. per section) 

velocity (teet per sec.) = -» / .. =- 57-^r 

J r area of section (square ft.) 



^^• m "^te . 






J* til .$}§ sji 

si xt is m 

Si.© 
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Fig. 9. 

Hence we may deduce the following conclusions : 

(1) If a stream tube descends towards the earth, the 
pressure or velocity, or both must increase, since h is 
decreasing. 

(2) If the tube enlarges the velocity decreases and 
the pressure increases. 

(3) If the tube contracts the velocity increases and 
the pressure decreases. 

Having thus considered the fluid in the tube, we must 
next consider the effect of bending the tube into any 
form. 
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If the tube is doubled back so as to form a " U," 
then the total reaction to pressure in the direction of 
the bend {i.e., parallel to the arms and from the 
direction of arrival of the fluid) 

_ 8, x weight per sec. x v 




Fig. 10. 

for, since force is the time rate of change of momentum 
and the momentum per second 

,. , . weight per sec. X v 

which is — & £— — 

* 32-2 

is turned completely from a forward direction to a 

backward direction, the total change of momentum 

i . Qw v. 
per second is 

g 

If the tube is bent to an angle less than this last 

(180°) the change of momentum must be found by a 

triangle cf velocities as shown in chap. i. 

If the tube is bent in 'any manner, so that the one 

end is eventually parallel to and in the same direction 
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as the other, the total force on the tube is zero 
(Fig. 11). 




Forward _ Backward 
Pressure Pressure 

Fig. 11. 



This last case is the most important of all in finding 
forms of least resistance, for, if a stream tube can be 
made contiguous with an obstacle, and also the direc- 
tion of departure be the same as that of arrival, the 
pressure on the obstacle is nil (Fig. 12). 




Fig. 12. 

Hence in the absence of friction we may say that if 
the stream tubes adjacent to the obstacle are diverted 
from their rectilinear paths the force acting upon the 
obstacle is found by considering (1) whether the stream 
lines return to the original direction immediately after 
passing the obstacle ; and (2) whether the stream lines 
coincide with the profile of the obstacle throughout its 
length. 
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It will be understood that at some distance past the 
obstacle the stream lines necessarily return to their 
original direction, the loss of momentum possibly ex- 
perienced at the obstacle being made up from the 
surrounding air. If, however, the stream line leaves the 
surface of the obstacle before having returned to its 
original direction, the pressures due to the flexure of 




Fig. 13. 

the stream tube will not be balanced on the obstacle, so 
that a " dynamic " resistance is experienced (Fig. 13). 
When the stream line leaves the obstacle before having 
passed it, it is said to describe a " line of discontinuity." 
The space between the obstacle and this line is filled in 
an actual fluid (at a pressure less than normal) with 
vortices, which contract as they are swept away from 
the obstacle, finally vanishing at a certain point in the 
rear of the obstacle where the lines of discontinuity 
from each edge of the obstacle meet. A certain force 
is, of course, required to generate these vortices. 

In an actual fluid there is also a certain resistance 
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due to viscosity or " skin friction " between the obstacle 
and the stream tube passing over it and contiguous 
with it. Small eddies, acting as it were as rollers for 
the body of the fluid, form a layer over the surface and 
so produce a certain resistance. Including small, but 
unavoidable " dynamic " resistances, even a form in 
which the stream lines are apparently contiguous 
throughout experiences a considerable resistance, about 
■^ . KAV 2 where K is "0016 and A the central section. 

In the light of this theory it is possible to arrange 
surfaces so as to get a minimum resistance. Various 
forms may be termed " of least resistance, 11 the con- 
ditions being that the profile shall so divert the stream 
lines that they do not leave the same, and that they 
shall be guided by the after parts, so that the lines 
meet immediately behind the object without any dis- 
continuous flow. 

These conditions are approximately realised by all 
smooth and easily rounded objects, but the nearest 
approach to the minimum resistance is obtained by the 
use of a wedge directed towards the stream, expanded 
with an easy cissoid or sine curve to the largest section, 
and contracting again with a curve having no reflex 
curvature to a fine taper at the rear. The body " lines ^ 
of ships are excellent examples of this type (see 
Fig. 12). ■ 
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For further information concerning stream lines the 
following may be consulted : 

Rankine, Shipbuilding. 

Froude, Papers in Transactions of Inst. Naval 
Archs., Sfc. 

Hele-Shaw, Papers in Transactions of Inst. Naval 
Archs. and British Association. 

Greenhill, " Hydromechanics " in Encychp. Britt. 

Lamb, Hydrodynamics. 

Basset, Hydrodynamics and Sound. 



CHAPTER V 

STRESS IN STRUCTURES DUE TO 
WIND 

As has already been indicated, the effect of wind is to 
produce an additional load having a lateral component, 
the total force at each point being normal to the 
exposed surface. On sloping surfaces, such as roofs, 
the pressure will be largely vertical and will have a 
maximum intensity on slopes greater than 30 degrees, 
closely approaching the intensity on a vertical surface, 
say 50 lbs. per square foot. In view of the proximity 
of other structures, which will to some extent screen the 
roof from wind and diminish the velocity of the wind, 
it is not usual to take greater pressures than 40 lbs. 
per square foot. On vertical surfaces and open bridge- 
work the higher value should be used. 

We may for convenience classify structures subject to 
wind pressure into two groups : 

(1) With wind surface. 

(2) With frame only. 

41 
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The first class will include roofs, walls, and the like. 
The second refers to open bridge-work and framing. It 
is customary in the first class to assume that such 
surface bears uniformly on all its supports, and that the 
wind pressure is uniform and over the entire surface. 
That this condition is not actually realised is quite 



Weight 




Wind 



Fig. 14. 

certain, but the practical departure from the same does 
not seem to be important. 

In this manner we obtain a number of forces acting 
on the supports of the surface, which may be considered 
as loads normally acting. The stresses so produced 
may be analysed separately, or a combined diagram 
produced by adding (with a parallelogram of forces) 
the wind and the static load at the same place. 

Thus, if the illustration indicates a sloping surface, 
AB, which is 20 feet long and supported in the direc- 
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tion perpendicular to the paper at every 12 ft., an area of 
240 square feet needs support on each truss. If the 




Fig. 15. 



actual weight per square foot be 30 lbs. and the wind 
be taken at 40 lbs. per square foot we have 

30 x I X 240 = 1800 lbs. dead load at A and B. 
30x|x240= 3600 lbs. „ „ C. 
40 x I x 240 = 2400 lbs. wind load at A and B. 
40x^x240 = 4800 lbs. „ „ C. 

The actual load at C will be found by drawing the 
diagonal of a parallelogram whose adjacent sides 
measure 3600 lbs. and 4800 lbs. respectively, the first 
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vertical and the latter inclined from the vertical at the 
same angle the slope makes with the horizontal. 

Considering this resultant at each joint on the wind- 
ward side and the ordinary dead loads at all others we 
find the reactions by the usual methods, so ascertaining 
the combined stress in the various members. 

If, as is usually the case, both sides of the building 
are liable to be subjected to wind pressure, the com- 
bined stresses, found as above, must be considered in 
designing both sides of the frame. 

It is not unusual to treat the wind-stresses by the 
second method, viz., as independent forces. The follow- 
ing examples of a roof will illustrate the process : 

The conditions of equilibrium are, of course, 

2 (jp) = S (R), i.e., P - Rj + R 2 
where P = total load and Rj, R 2 are the reactions 

tj r Pa Pb 

P P 

where C is the span, a and b are the distances of- and — 

from the left support all perpendicular to the forces. 
If the roof has a roller on one side the reactions will 
not, of course, be parallel to the wind, and must be 
found by link polygon in the usual manner. 

Another example of wind surface occurs in the steel 
cage method of constructing buildings. If the frame 
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consists of rectangular bays a great bending effect may 
De produced at the joints, and even more important is 




the shearing effect on the whole frame, which tends to 
distort the rectangles into rhomboids. 

If a frame of the type shown is subject to a wind 
pressure on the left side having a total magnitude P, 
the height of the centre of pressure being Ph, the frame 
at the attachment to the ground is subject to a bending 
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moment Ph and a shearing force P, so that each 



Ph 



vertical is subject to an axial push or pull = — -- and a 



shearing; force = — 




Fig. 17 



If we regard the total pressure up to any point k as 
= /3 A* (see formulae 1 and 2 in chap, iii.) we have the 
shearing force A t from the ground 



= P 




dh 



a I 



0) 



(?) 
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and the bending moment at any point h, 

ph . dh 

K 

where H is the total height. 

Since p = /3/t , we have 

M = /3 / A*. <tt = | [Hi - *!*] 

K V 2 
In all these expressions j8 = ° as given in 

chap. iii. 

The tensile force in the windward column, or the com- 
pressive force in the leeward column, may be found by 
equating the bending moment (2) to the quantity Td, 
where T is the required force and d the distance 
between the columns. 

Thus in the case illustrated at a point \ above the 
ground, the breadth of a single bay being b, the tension 
or compression in the columns is 

t _ 2/36 [H° - h*] 

Yd (3) 

In the horizontal beams there will be a compression 
equal to the shearing force, and if, as is usually the 
case, diagonal wind-braces are used inclined at an angle 
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6, the direct tension or compression in these will be 
S sec 6, and 

S = »(P - §M f ) 

Cos0 W 

Details of construction will be found in Freitag's 
Architectural Engineering (Wiley, New York). 

In the case of a structure, such as a wall or 
chimney, in which for constructional reasons the eleva- 
tion tapers, the centre of pressure is not in reality so 
high as given in chap, iii., but it will nevertheless be 
convenient to disregard this correction, so that the total 
turning moment may be taken as 

3 
= total pressure x - H = 
o 

R = |/3A(H*)xfH=|^H* (5) 

[Note that H is, except in evaluating /3, disregarded 
in most cases.] 

Equating this to the moment of resistance we have 

so that the bending stresses (f. lbs. per square foot) 



6/36 H% 
85 1 (6) 
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where y — distance from neutral axis of bending to the 
extreme (windward or leeward) edge of the base section 
and I is the moment of inertia of the section about the 
same axis. All measurements are in lbs. and feet. 

These bending stresses will be combined with the 
dead-load compression on the base section, so that 
the maximum compression, when W = total weight, 
A = area of base section, 

_ W 6 /3 b H% 
_ A + 25 i' (?) 

and the minimum compression 

_ W _ 6/3 6 H% 

A 25 I (Ta) 

It is a common condition in masonry structures that 
there shall be no tension, i.e., 



Writing 



r> 


6/36H% 
25 1 


w 


6 /3 b fthj 


A 


25 I 



(8) 



we get conditions which limit the weight or area as 
follow : 

_ 6A/35H% _ 6/35H% 9 

~ " 25 I 25 k 2 W 
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where k is the radius of gyration of the section about 
the afore-mentioned axis of bending, and 

_25IW (10) 

6j8 6H5 y 

Thus in the case of a hollow circular section, internal 
radius r, external radius R, 

A = 7T (R 2 - r 2 ) 

I = *■ (R 4 - r 4 ) -=- 4 

y =R 

= 24/3 6 HtR (9a) 

25 (R 2 + r 2 ) V ' 



« _24 



£&rf ± i/«4 ^ _ ^ (10a) 

W V50 W 



This formula is in error in the following respects : 

(1) b is assumed uniform up the height, whereas it 
actually tapers. Taking b as the mean breadth will 
approximately correct this. (See next correction.) 

(2) The roundness of the face is neglected. Taking 

a instead of b will correct this. 

A further difficulty occurs in connection with the fact 
that b will generally be related to R, the external base 
radius. It will therefore be necessary to work out this 
problem by a series of trial cases converging to the best 
practical solution. 
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Passing now to the consideration of open-framed 
structures, of which the most important practical 
example is bridge-work, it will be found that a few 
simple rules serve to explain the method of dealing with 
such structures. 

On each member of the frame' there will be, during 
hurricanes, a pressure depending in the form of the 
member and the manner in which the same is presented 
to the wind, the value of which may be computed 
from the data given in chap. ii. This pressure 
will produce stresses in the members directly and 
indirectly, i.e., the individual member will be subject 
to bending moment, and the whole frame will be 
affected by the reactions at each end of the member. 
The latter will need to be considered as a further load 
usually horizontally applied, particular attention being 
paid to the turning effect produced in the foundations 
of the bridge. As regards the individual members it 
will be necessary to apply the usual methods of dealing 
with laterally loaded struts and ties.* 

[Note. — Railway bridges must be considered as 
covered by carriages in calculating wind surface.] 

In the case of a strut fixed at both ends it is shown 
in the text-book referred to that the maximum bending 

* See Perry's Applied Mechanics, p. 470. 
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moment produced by a uniformly distributed lateral 
load w per foot run, and an end thrust F, is 

= im ~w-[-4jr- F ) (ID 

where W is the total lateral load (wl lbs.)? I the length 
of the strut (feet), E the modulus of elasticity (lbs. per 
square foot) and I the moment of inertia about the 
neutral axis of bending. 



The further relation 



1- E) (l-P)= Wl 

fIV /3J 4/Z (12) 

is important as fixing f, the maximum compression 
stress. Here 

= L. E 

area of section A 
/8 EIjr2 



4Z 2 A 
Z = modulus of section — 

y 

y = distance from neutral axis of bending to edge 
of section. 
In the case of a tie we take 

F , M ("maximum or"! . ., 

-T- ± -77- = { • • \ tensile stress. 

A Z I minimum J 

where F is, as before, the axial force (tension in this 
case). 
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A is the sectional area, 

M is the bending moment due to the lateral force 

_ wl 2 _ Wl 
8 8 

Z is modulus of section, as above.* 

The stresses in a sheet of material subject to wind 
pressure may be computed by the usual rules for plates 
and shells under uniformly distributed loading. These 
are too complex to give here, but may be found in 
Perry's Applied Mechanics and most engineering note- 
books. One case only may be considered. 

The stress in a spherical segment subject to internal 
wind pressure may be computed as follows. 




Let ab be the section of the segment which is fixed at 
the edge. The total pressure transverse to the diameter 

ab 

_ nd? 

If there is a circumferential tension f, the total 

* See also paper in Phil. Mag., March 1892. 
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magnitude of this is irdtf where t is the thickness. The 
transverse component of this is irdtf sin 6, so that 

p ^-j— = n dtf sin 9 

4 J 

f= P d 
J 4 1 sin 



CHAPTER VI 

WINDMILLS 

This is the first subject in which wind force has to be 
considered in relation to the production of power. 
Windmills or wind-motors are of very numerous types, 
but may be divided broadly into two classes. 

(1) Large diameter wheels with a few (generally four) 
wooden or cloth blades. 

(2) Small diameter wheels with numerous steel blades. 

The manner of constructing wooden mills is well 
described in Weisbach's Mechanics of Engineering 
(volume on " Hydraulics ") and I only propose to con- 
sider the principles according to which power is 
obtained from the wind. 

It is customary to confuse wind wheels with pro- 
pellers. Although in some respects the one is the con- 
verse of the other, yet two very important points 
compel us to treat them differently. 

55 
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(1) There is no motion of the wheel in the direction 
of the wind. 

(2) Owing to a continuous and previously undis- 
turbed supply of air meeting the wheels (except above 
a certain high critical speed) there is no question of the 
blades diminishing each other's action. 

It will be convenient to make two assumptions as to 
the flow of the air. 




Fig. 18. 

(1) Before impact the wind is blowing axially to the 
wheel. This condition is almost exactly secured by the 
steering wheel or vane. 

(2) After impact the air flows along the surface of 
the blades and leaves it relatively in the same plane. 

Neither of these assumptions can be absolutely true, 
but we are almost obliged to make them and the actual 
discrepancy does not seem to be very great. 

If the blade be plane and, at the instant of striking, 
stationary, the pressure in it is easily found by the 
rules given in chap. iii. 
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Normal pressure = 

N = -0016 AP Xg ^ 

The component of this pressure in the direction o 
the axis is N sin 0, and this fall produces pressure in a 
step bearing, energy being wasted by friction there. 

The component in the plane of rotation is N cos 6, 
and this produces rotation if, when there are m blades, 
m^N cos 6 exceeds the resistance of the blade due to 
friction and load. It is necessary to express this in the 
form of torque to be useful. 

If the blades, as is usually the case, taper towards 
the centre, the breadth at any point can be expressed 
as \r where A is a constant, and the area of any 
elemental strip of the blade is \r . dr, so that we can 
write 

Turning moment on one blade = 
•0016 A V 2 cos A 2 , dr 

where r x and r 2 are the radii of the internal and ex- 
ternal bounding lines of the blades ; hence for the 
whole wheel the torque 

T = -0016 mAV 2 cos fl (r 2 - r x ) (1 ) 
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If this exceeds the total resisting torque M, the 
wheel will commence to revolve so that 

T - M 



= 



(2) 



where 0=angular acceleration (radians per sec. per sec.) 




Fig. 19. 

and I = moment of inertia of whole wheel about axis 
of revolution. 

As the wheel rotates the angular acceleration will 
decrease on account of air resistance and slip until the 
velocity is constant, its actual value depending on the 
velocity of the wind (assuming the resistance of wheel 
and mill constant.) 

To study the wheel under working conditions it is 
therefore necessary to consider the reaction when the 
blade is moving. 
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If u is the velocity of the blade in the plane of rota- 
tion, the actual direction in which the wind is moving 
relatively to the blade is found by drawing a triangle 
with u and V for its sides, the diagonal giving the 
relative velocity. 

The angle of impact is 

6 — \p where xp = tan ( = J 

so that the normal pressure 

N x = -0016 A V 2 (i^3&)° where V "= J^+v\ 
and its component in the direction of rotation is 

-ooieAV^ce-^cose 

N lC OS0 = — —g^ = (3) 

and the work done per sec. is 

X1 „ • 0016 A V 2 (6 - $f cosg.u f „ 
N^osfl.M. = ° g QO r — ( 4 ) 

The volume of air approaching the blade is 
Asin(0 -</>). V Q 
and its kinetic energy 

= -OOlg^.Vo.AsinCfl - i) 
so that the efficiency is, approximately, 

• 0016 A V 2 (fl - ^)° • cos 8 
• 0012 x 30 x w 2 . V . A sin ( - <//) 
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If we write 30° = ^,and let(d-^) in radian measure 
6 

= Sin (9 — i/r), this simplifies to 

2-55 V c c os 6u 
I yp) 



This expression is at the best only an approximate one 




Pig. 20. 
for an actual mill, since V 2 = w 2 + v 2 where « is a 
quantity depending on the radius of the wheel. 

Before stating the simpler rules used, we will consider 
the case of a wheel with curved blades, such as are now 
extensively made in steel. If the diagram shows such a 
blade moving laterally with a velocity u and subject to 
a wind moving axially, the relative motion of the 

wind is inclined at an angle tan - to the axis. If 

v 
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= tan -1 l — j there will be no turbulence at entry, 

and the air will flow easily along the blade with a 
velocity = Ju 2 + v 2 . 

If it leaves with this velocity in a direction <j>, i.e., 
parallel to the blade, its absolute motion (as compared 
to the earth) will be compounded of this relative 
motion and the absolute motion of the wheel u, as 
shown by the upper parallelogram of velocities. 

The alteration of velocity in passing round the 
curved blade is easily found by drawing a third paral- 
lelogram of velocities (the central one in the figure), in 
which the two sides of the parallelogram are each equal 



to Ju 2 + v 2 , and the diagonal is the change of velocity. 
It is obvious that this is greatest when 6 is a maximum 

— tan -1 ( ■••), and <j> = o, i.e., the blade is tangential to 

the plane of rotation at the rear. The direction of 

change of velocity is - — ( ~t ) inclined to the plane 

of rotation, and its magnitude 

sin (0 - <b) Ju 2 + v 2 

W = — ; tr\ 

16 - d>\ (6) 

cos ' 



2 
If the weight of air concerned is W the total change 
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of momentum = — ■ . w. This is the total pressure, and 

g 
resolving it into components normal and parallel to the 

plane of rotation we find that the force producing rota- 
tion is 

W 



w cos 

g 



B - m] 

w . /e + 

— . w sin ( — — - 



g 

The only difficulty in giving a value to this expression 
is in finding w. If the chord of the blade is I feet long 
and b is the height of the blade inclined ip to the 
tangent at entrance, then bl cos i// is the aspect of the 
blade in the direction of the tangent at entrance and 

W = -08 x Ju 2 + v 2 -bl cos i// 

and the force producing rotation is then 

•0024 blty + t) 2 )cos^.sin(6 - <£)sin (^--) 
v— V ~ / 



cos 



(V) o 



and the work done is Fm. (8) 

The kinetic energy of the 
efficiency may be written as 



The kinetic energy of the air is - ---. so that the 



(9) 



Ww« 
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According to Molesworth (Pocket Book, 25th Edn., 
p. 552), for wooden mills the horse-power 

H = 000000091 AV 3 
where A is the total area of all the sails, 

V the velocity of wind, feet per second. 

[The velocity of the vane-tips is also given by this 
authority as 2 - 6 V.] 

The general principle of this rule is easily understood. 
The total pressure normal to all the blades will be pro- 
portional to AV 2 , and the component of this in the 
plane of the wheel is also proportional to AV 2 . If the 
speed (of rotation) of the centre of pressure on any 
blade be U, then the work done varies as AUV 2 ; and 
since U will bear some ratio to V, the work may be 
regarded as proportional to AV 3 . 

This authority gives as the suitable angle for the sail 
with the plane of motion 

A = 23° - 18 /5Y (10) 

where D is the distance from the centre 
R is the overall radius. 
In the case of wooden mills there must also be taken 
into consideration the inclination of the axis of rotation 
(8° to 15° from the horizontal). This will scarcely 
affect the intensity of the wind pressure, but will 
increase the frictional losses at the main bearing. 
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The application of the above rules concerning the 
efficiency and forces in each blade necessarily becomes 
rather complex in designing. 

Thus in dealing with plane blades and considering 
the whole blade we have to remember that A,V and xp 
are all functions of the radius. 

SA = fir.dr 

where /3 is the angle of the sector bounding the blade 
(in diverging blades) and r the radius, 



id = angular 
velocity. 



V = Jr 2 o, 2 + v* 
* - f n- ft) 
Putting these values in (3) we have as the torque 

f -0016 . /3 r\ J r * oi 2 + v 2 . [fl - tan * (~Y\ • cos 9 . dr 
r-i. 30 5 

where r 2 and r^ are the external and internal radii. 

Substituting radian values for the angles and taking 
constants outside, 

rp '0096 X /3.COS0 
lorque = <- 

'••2 

Jr 2 Jr 2 ^ + vK [e - tau -1 (^pV] .dr 
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If the function under the integral sign is plotted as a 
function of r, and the area between r x and r 2 integrated 
with a planimeter, and the result multiplied by the 
constant factor outside, the result is the torque on each 
blade. 

M x torque x w — work done per second. 
[M = number of blades.] 



CHAPTER VII 

TRAIN AND MOTOR RESISTANCE 

In connection with vehicles, wind pressure is important 
in two respects : 

(1) As a force-retarding motion, the wind being 
generally mainly due to the vehicle's own motion. 

(2) As an overturning force. 

A vehicle running at a speed of u miles per hour 
against a wind with a component velocity in the line of 
the vehicle's motion v, is subject to a resistance which 
varies as (m + vf- (u + v) here corresponds to .V in 
our previous problems, being the relative velocity of 
the wind to the vehicle. If the wind blows in the same 
direction as the vehicle is moving V = (u — v). 

The resistance will depend on the various items 
given in chap. ii. Generally, railway locomotives and 
motor-cars have a roughly square front, but the length 
is so great that suction is small. On the other hand, 
there are generally a number of surfaces other than 
the front one more or less exposed to the wind, so that 
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unless special care is taken in formation of the front 
of the vehicle 

R = -0025 A V 2 (Harding's formula) 
where R is the resistance in lbs. 

A the frontage area in square feet. 
V the velocity in miles per hour. 

[Note. — This is the only case in which it is desirable 
to measure V in miles per hour : 

60 miles per hour = 88 feet per second] 

It is very probable that the actual resistance at high 
speeds is more than this, but in view of the somewhat 
uncertain value of the road resistance, very accurate 
figures have not yet been found. 

A locomotive with the cab leading will necessarily 
have greater resistance than one with the firebox lead- 
ing, since the stream lines will diverge and probably 
clear the cab altogether in the latter case. 

Similarly, a motor-car with a wind-guard of the 
usual sheet form will have a much greater resistance 
than without. 

The passage of the air under the vehicle over irre- 
gular projections (axles, springs, brake mechanism, &c.) 
will greatly increase the resistance, and turbulence will 
occur in this region with consequent creation of dust. 
If a sheet (preferably metal) of smooth surface and 
outline be fixed under the vehicle this turbulence and 
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resistance (except in the immediate neighbourhood of 
the wheels) will be greatly decreased. 

Similarly, by forming the front of the car or loco- 
motive with a prow of stream line form, the resistance 
may be enormously decreased. A vehicle with open 
top or windows will be more resisting than one com- 
pletely enclosed, and gaps between a train of carriages 
will increase the resistance in proportion to the size of 
the gap. Hence corridor trains are generally of less 
resistance than those with separate carriages. 

As regards the resistance of wheels, whether con- 
nected or not to vehicles, an approximate idea of the 
energy consumed may be computed as follows : 

Disc Wheels. 

These may be considered as having three sources of 
resistance, (1) rim and (2 and 3) the sides. 

If the overall diameter be D the surface of the 
rim is it DB where B is the breadth. If the revolutions 
per second are n, then jtDb is the surface velocity and 
the resistance is 

r x = y.irDB.(iDffl) 2 

y here is the coefficient of skin friction resistance 
( = about "000005 lb. per square foot at unit velocity). 
As regards the sides, the area of any concentric 
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element is Qirr.dr, where r is the radius and the velocity 
is Sam, so that the resistance for both sides is 

R 



r 2 = y . 16 7t 3 n 2 I r 3 . dr 



_ y.lfiir'n'R ' = y7r 3 w 2 D 4 

4 4 

where R is the external radius ( = — J and the total re- 
sistance is then 

ywST>3n 2 \B + t±) (1) 

Spoked Wheels. 

The resistance of this type is much greater. The 
rim may be calculated as for a disc wheel and the 
boss may be neglected. 

If there are N spokes, B thick (i.e., transverse to the 
plane of the wheel), then the exposed area of any 
element at radius r is N B.dr and the speed as before 
%rrn, so that the resistance of the element is 



R 

K 

o 



4t 2 NB h 2 /"»■* . dr 
o 

4K7r 2 NB>i 2 R s 



(2) 
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K is here "0016, as in previous instances of direct re- 
sistance. The fact of the spokes being rounded may 
be disregarded as there is very considerable turbulence. 
With respect to the second consideration, overturning 
effect, it is obvious that, by the principle of moments, 
when the vehicle is about to turn over 

Ph = W D 

a 

where P is the total wind pressure, 

h is the height of the centre of pressure, 
W is the weight of the vehicle, 
D is the gauge of the track {i.e., diameter of 
wheel base). 

Writing P=KAV 2 where A is the exposed area of the 
side of the vehicle, K and V 2 are as before, and calling 
h = \ (H — h ) where h is the height from the track to 
the underside of the vehicle, and H is the height to the 
top of the vehicle 

KAV 2 .i(H- A ) = ?D 



so that the limiting value of V 2 

WD 



(3) 



KA(H - h ) 

On curves this must be combined with the centrifugal 
force, with which it might under some circumstances 
co-operate. 



CHAPTER VIII 

EFFECT OF WIND ON WATER 

The effect of wind on rivers and open seas may be 
classified into two types. 

(1) Wave-making. 

(2) Acceleration of the whole mass. 

The subject of wave propagation is not very fully 
understood, but an excellent resume" of the existing 
information on the subject is given in Sir W. White's 
Text-Booh of Naval Architecture (pp. 216, et sqq.). 

The principal researches on this subject have been 
carried out by French experimenters and observers, 
especially Admiral Coupvent Desbois, Lieutenant Paris, 
and M. Antoine. 

[Comptes-rendus, 1866, Revue Maritime, vol. xxxi., 
and Des Lames de haute mer, 1879.] 

It is certain that the continuous action of the wind 
in one direction will generate a wave in that direction, 
but the form of the ocean bed and internal friction 
greatly modify the formation of the waves. Waves 
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once formed tend to be increased by the wind on 
account of the lateral surface exposed. There is a 
limiting velocity for the waves, beyond which the wind 
produces no effect other than in maintaining the per- 
turbation. If the wind dies away, the period and 
length of the waves remains practically constant, but the 
amplitude decreases, being finally damped out by friction. 

There is therefore great difficulty in estimating the 
relation between wind and wave. 

The following hypotheses have been suggested. 

(1) Cube of amplitude of waves and square of speed 
of wind.— (Coupvent Desbois.) 

(2) Speed of wind =-022 (speed of wave) 2 . (Feet- 
seconds unit) — {Lieutenant Paris.) 

(8) The following formulae are given by Sir W. 
White, based on M. Antoine's work and Admiral 
Desbois' law : 

2 H = 75 v % 
% L = 30 v h 
2T= 4-4 r l 
V = 69 v k 

Here 2L = length of wave (metres). 
2T = period of wave (seconds). 
2H = double amplitude (metres). 
V=velocity of waves (metres per sec.). 
v= „ wind ( „ „ ). 
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Beyond this there is practically no information and 
persons interested cannot do better than study the 
tables given in Sir W. White's book. 

Passing to the consideration of the effect of the 
wind on the velocity of flow of masses of water, it is 
first necessary to point out that the velocity of flow 
in a mass of fluid is at a maximum at points roughly 
midway between the sides of the channel, and a little 
below the surface. The most exact information on this 
subject is that collected by various hydrographers for 
the U.S.A. Government in connection with the Missis- 
sippi and other rivers. 

If a curve be plotted showing the velocity as a func- 
tion of the depth, the form will be found to be approxi- 
mately parabolic. 

In the absence of the wind the vertex of this para- 
bola is about "3 of the depth from the surface. A down- 
stream wind causes the vertex to rise, and an upstream 
wind causes it to sink. The vertex never rises quite to 
the surface. According to the Mississippi experiments, 
if the force of the wind be graduated from calm to 
hurricane as to 10 and A 1 is the depth of the axis of 
the parabola, in the hydraulic mean depth (sectional 
area -r wetted perimeter) 

- = • 317 ± 0-06 / 

m J 
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[See Unwin " Hydromechanics " Encyclop. Britt. : 
Edn. ix.J Thus in the case of a wind graduated 
at T % of a hurricane (pressure about 20 lbs. per square 
foot) downstream increased the maximum velocity from 
7'92 units to 8 - l and raised the vertex to ^ of 
the depth from the surface. The same wind upstream 
decreased the maximum velocity from 7 '92 to 7'88 and 
lowered the vertex to half the depth. 

It is possible to formulate an equation to this para- 
bola (as has been done by M. Boileau), but in view of 
the uncertain nature of the circumstances in any 
concrete example no useful purpose would be served. 



CHAPTER IX 

SCOURING EFFECT OF WIND 

The effect of the dust-laden wind in rubbing away stone 
and other hard substances is well known, and may be 
compared to the method of excavating with high velocity 
jets. The erosion of land has been shown by geologists 
to be partly due to this, and a practical application of 
the principle has been applied in the process of sand- 
blasting glass. 

The air always contains many minute particles, these 
being, however, generally very light and soft ; when, 
however, it is in rapid motion heavier particles are 
picked up and carried along. The exact dynamical 
character of this process is not completely understood, 
but it would appear that a single particle resists the 
passing air with a force depending on its form and the 
velocity of the wind. If this force exceeds that of the 
friction and adhesion between it and the material in 
which it rests, acceleration will necessarily be given to 
it, and by its kinetic energy it will travel in a direction 
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only slightly inclined to the direction of the wind. 
The reason for the smallness of the inclination lies in 
the small value of the weight as compared with the 
accelerating force. 

Such a particle will eventually acquire almost the 
average velocity of the wind, and striking on any surface 
will exert a force depending on its momentum and the 
manner and time in which such momentum is altered. 

A rough approximation to the force exerted may be 

obtained by considering the whole mass of air which 

travels with the particles as being, in virtue of their 

presence, so much heavier, so that the momentum per 

second is 

Wv 

g 

where W is the weight of a cubic foot of the air 
and sand, v is the mean velocity, and g-=82 - 2. In 

W 

air alone, as we have seen, — = "0024 (about), so 

g 
W 
that when sand is present — > •0024, say, 

^ = c x -0024 (1) 

8 
where c > 1. 

The value of C is quite uncertain, but it would seem 

roasonable to suppose it may reach values of 2 or 3, so 

that the force of the sand-blast may be 2 or 3 times 
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as great as that of the wind, other things being the 
same. 

We must, however, be careful not to confuse this 
direct acting force with the scouring force. The latter 
is almost wholly due to the friction between the fluid 
and the surface. 

It is difficult to assign any exact value to this, 

and in the absence of any better hypothesis the author 

suggests that the usual principle of assuming viscosity 

to vary as density will apply. Thus in the case of 

water 

R = /A V 2 

where/" is a coefficient about "003 to '007, 

A is area of wetted surface in square feet, 
V is velocity (feet per second) 2 , 
R is resistance in lbs. 
This is reduced in the ratio of the density of air to 
water (about -gfa), so that for air we write, as already 
mentioned, 

R = -000005 AV 2 

If now, to take into account the sand or other sus- 
pended matter, we multiply by the above-mentioned 
constant c, the formula will express the value of the 
resistance as nearly as the empirical rules will allow. 
The actual effect of a dust-laden wind of a given 
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density and velocity will, of course, depend on the 
physical structure of the surface scoured. 

In the case of natural denudation the driving of the 
particles by the wind is probably the principal cause of 
the attrition. 

Numerous other instances might be adduced in which 
wind pressure plays an important part, but the author 
has endeavoured to confine his attention to the cases 
which affect engineering practice only. 
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26 CHARLMS GRIFFIN <k CO.'S PUBLICATIONS. 

Fifth Edition, Revised, with Numerous Diagrams, Examples, and 
Tables, and a Chapter on Foundations. In Large Svo. Cloth. 16s. 

THE DESIGN OF STRUCTURES: 

A Practical Treatise on the Building of Bridges, Roofs, &e. 
By S. ANGLIN, C.E., 

Master of Engineering, Royal University of Ireland, late Whitworth Scholar, &c. 
"We can unhesitatingly recommend this work not only to the Student, as the Ban 
Tbxt-Book on the subject, but also to the professional engineer as an exceedingly 
valuable book of reference." — Mechanical World. 



In Large Crown Svo. Handsome Cloth. With 201 Illustrations. 6s. net. 
AN INTRODUCTION TO 

THE DESIGN OF BEAMS, 

GIRDERS, AND COLUMNS 

IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statics. 

Bt WILLIAM H. ATHERTON, M.Sc, M.I.Mech.E. 

"A very useful source of information. ... A work which we commend very 
highly."— Nature. 



Fourth Edition, Thoroughly Revisea. Royal Svo. Wdh numcrou- 
Illustrations and 13 Litkoerafihic Plates. Handsome Cloth, Price 30s. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Construction of Bridges in Iron and Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 

By T. CLAXTON FIDLER, M.Inst.CE., 

Late Prof, of Engineering, University College, Dundee 

"The new edition of Mr. Fidler's work will again occupy the same conspicuous 
position among professional text-books and treatises as has teen accoided to its pre- 
decessors. Sound, simple, and full."— The Engineer. 



In Medium &vo. Pp. i-xv + 248, fully Illustrated. Price lev. 6rf. net. 

CONSTRUCTIONAL STEELWORK : 

Being Notes on the Practical Aspect and the Principles of Design, together 
with an Account of the Present Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

"A worthy volume, which will be found of much assistance. ... A book ot 
particular value."— Practical Engineer. 
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Second Edition, Revised. In Large 8vo. Handsome Cloth, Gilt. 

With 37 Folding Plates and nearly 500 Illustrations in 

the Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM. 

GENERAL CONTENTS. 

Historical and Discursive. — Dock Design. — Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — Index. 

" We have never seen a more profusely-illustrated treatise. It is a most important 
standard work, and should be in the hands of all dock and harbour engineers." — Steamship. 
"Will be of the greatest service to the expert as a book of reference." — Engineer. 



In Large 8vo. With 18 Plates and 220 Illustrations in the Text. 16s. net. 
A COMPANION VOLUME TO "DOCK ENGINEERING." 

THE PRINCIPLES AND PRACTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

• Contents. — Introductory. — Harbour Design. — Surveying, Marine and 
Submarine. — Piling. — Stone, Natural and Artificial. —Breakwater Design. — 
Breakwater Construction. — Pierheads, Quays, and Landing Stages. — 
Entrance Channels. — Channel Demarcation. —Index. 

" The best and most complete book we have seen on the subject."— Steamship. 

" This is a standard work . . . sure to prove a valuable book of reference." — 
Shipping World. 

In Large Crown 8vo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 

By LIONEL M. HO BBS, 

■Engineer-Lieutenant, B.N.; Instructor in Applied Mechanics and Marine Engine 

Design at the Royal Naval College, Greenwich. 
"Serves its purpose admirably . . . should prove of invaluable service . . . well 
up-to-date. "—Shippmg World. 



In Large 8vo. Cloth. Fully Illustrated. 10s. 6d. net. 

THE PROBLEM OF FLIGHT, 

By HERBERT CHATLEY, B.Sc.(Eng.), London, 
Professor of Civil Engineering, Tong Shan Engineering College, N. China. 
Contents.— The Problem of Flight. — The Helix. — The Aeroplane. — The Aviplane.— 
Dirigible Balloons.— Form and Fittings of the Airship.— Appendices (The Possibility of 
Flight, Weight, A Flexible Wing, theory of Balance, Bibliography).— Index. 
" An epitome of the knowledge available on the subject."— Scotsman. 
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Second Edition, Revised. Cloth. With 252 Illustrations. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Principles of Construction of the Steam Turbine, 
with Historical Notes on Its Development. 

By ALEXANDER JUDE. 
Contents — Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Types of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type I.— 
Trajectory of the Steam.— Efficiency of Turbines, Types II., III. and IV.— Turbine Vanes.— 
Disc and Vane Friction in Turbines. — Specific Heat of Superheated Steam.— Strength, 
of Rotating Discs.— Governing Steam Turbines. — Steam Consumption of Turbines. — The 
Whirling of Shafts.— Speed of Turbines.— Index. 

"One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding." — Sir William White in the Times Engineering Supplement. 

In Large Crown 8vo. Handsome Cloth. With 131 Illustrations. 6s. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prop. J. HARVARD BILES, M.Inst.N.A., 
Professor of Naval Architecture in the University of Glasgow. 
'This is the best popular work on the marine steam turbine which has yet appeared." — 



Works by BRYAN DONKIN, M.Inst.C.E., M.Inst.Meeh.E., &e. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

"The best book now published on Gas, Oil, and Air Engines."— Engineer. 
In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 
General. Contents. — Classification of Different Types of Boilers. — 495 Experiments on 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.— Fire 
Grates of Various Types.— Mechanical Stokers. — Combustion of Fuel in Boilers.— Trans- 
mission of Heat through Boiler Plates, and their Temperature.— Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention. — Instruments used in Testing 
Boilers.— Marine and Locomotive Boilers.— Fuel Testing Stations.— Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

"Prpbably the most kxhaustivb rtsumt that has ever beeu collected. A praotioai 
Book by a thoroughly practical man."— Iron and Coal Tradts Rmieic. 



In Large Crown 8vo. Cloth. Fully Illustrated. 5s. net. 

SUCTION GAS PLANTS. 

By Prof. C. A. SMITH, of the East London Technical College. 

Contests.— Introduction.— Details of Construction.— Fuel and Testing.— Application 
and Uses of Suction Plants.— Working the Plant.— Typical Plants.— Plants for Speoial 
Purposes.— Total H.P.— Effluent.— Cost of Gaa Production.— The Gas Engine.— Btblio- 

fraphy.— Cftlorifto Value of Coal Gas.— Of Solid Fuels.— Gas Analysis.— Destruction of 
ar In the Producer.— Deteotlon of CO in Exhaust —Capital Cost.— Index. 
" This book is one we can cordially reoommeud as affording a complete knowledge of 
the theoretical aspect of Suction Plants."— gaa World. 
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Fourth Edition, Revised. Pocket-Size, Leather, 12s. 6d. 

BOILERS, MARINE AND LAND; 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook of Rules, Formula, Tables, &o., relative to Materials, 

Scantlings, and Pressures, Safety Valves, Springs, 

Fittings and Mountings, &o. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERs, 

AND STEAM USERS. 

By T. W. TRAILL, M. Inst. 0. E., F. E. R N., 

Late Engineer 8urveyor-in-0hief to the Board of Trade. 

" Contains an Enormous Quantity op Information arrranged in a very convenient form. . . 

A most useful voiume . . . supplying information to be had nowhere else."— The Engineer . 



Sixth Edition, Revised. .Large Crown 8vo. With numerous 
Illustrations. 6s. net. 

ENGINE-ROOM PRACTICE ; 

A Handbook fop Engineers and Officers in the Royal Navy and Mercantile 

Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.C.E. 

Contents.— General Description of Marine Machinery.— The Conditions of Service and 
Duties of Engineers of the Royal Navy.— Entry and Conditions of Service of Engineers of 
the Leading S.S. Companies.— Raising Steam —Duties of a Steaming Watch on Engines 

and Boilers.— Shutting off Steam.— Harbour Duties and Watches Adjustments and 

Repairs of Engines.— Preservation and Repairs of "Tank" Boilers.— The Hull *md itB 
Fittings.— Cleaning and Painting Machinery.— Reciprocating Pumps, Feed Heaters, and 
Automatic Feed - Water Regulators. — Evaporators. — Steam Boats. — Electric Light 
Machinery.— Hydraulic Machinery,— Air-CompresBing Pumps.— Refrigerating Machines. 
—Machinery of Destroyers.— The Management of Water-Tube Boilers.— Regulations for 
Entry of Assistant Engineers, R.N, —Questions given in Examinations for Promotion of 
■engineers, R.N.— Regulations respecting Board' of Trade Examinations for Engineers, &c. 

"This vert useful book. . . , Illustrations are of great importance in a work 
of this kind, and it is satisfactory to find that special attention has been given in this 
-«<rpect,"— Engineers' Gazette. 

Fifth Edition, Thoroughly Revised and Greatly. Enlarged. 
With Numerous Illustrations. Price 10s. 6d. 

VALVES AND VALVE - GEARING j 

A Practical Text-book forthe use of Engineers, Draughtsmen, and Students. 
By CHARLES HURST, Practical Draughtsman. 

Part I. — Steam Engine Valves. I Part III.— Air Compressor Valves and 

PART II.— Gas Engine Valves and Gearing. 

Gears. I Part IV. — Pump Valves. 

" Me. Huest's vaives and valve-gearing will prove a very valuable aid, and tend to the 

production of Enirines of scientific design and economical working. . . . Will be largely 
sought after by Students and Designers." — Marlme Engineer. 

" As a practical treatise on the subject, the book stands without a rival."— Mechanical 
World. 

Hints on Steam Engine Design and Construction. By Charles 

Hurst, "Author of Valves and Valve Gearing." Second Edition, 
Revised. In Paper BoardB, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 
Oohtents.— I. Steam Pipes.— II. Valves HI. Cylinders.— IV. Air Pumps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VII. Valve Gear.— VIII. 
Lubrication. — IX. Miscellaneous Details — ItfDEX. 

" A handy volume which every practical young engineer should possess." — The Model 
Engineer. 
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Third Edition, Revised. With numerous Plates reduced from 
Working Drawings and Illustrations in the Text. 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING : 

A Practical Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, Railway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst C.E. 

Contents. — Historical Introduction, 1763-1863. — Modern Locomotives: Simple.— 
Modern Locomotives: Compound.- Primary Consideration in Locomotive Design.— 
Cylinders, Steam Chests, and Stuffing Boxes.— Pistons, Piston Bods, Crossheads, and 
•ilide Bars.— Connecting and Coupling Hods.— Wheels and Axles, Axle Boxes, Hornbloekt, 
and Bearing Springs.— Balancing.— Valve Gear.— Slide Valves and Valve Gear Details.— 
Framing, Bogles and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokebox, Blast Pipe. 
firebox Fittings.— Boiler Mountings.— Tenders.- Railway Brakes.— Lubrication.— Oon- 
inmption of Fuel. Evaporation and Engine Efficiency.— Repairs, Running, Inspection, 
and Renewals. — Three Appendices. — Index. 
"The book is very truly a full treatise on the locomotive to date." — Cassier's Magazine. 

"The work contains all that can be learnt from a book upon euch a subject. It 
will at once rank as the standard work dpon this important subject." — Railway Magazine. 



In Large Svo. Fully Illustrated. 8s. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING, 

By J, F. GAIRNS. 

Contents.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. — Two-Cylinder Non- Automatic Systems. — Two^ylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Foar- 
Cylinder Tandem Systems. — Four-Cylinder Two-Crank Systems (other than Tandem^— 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided and Balanced Systems.— 
Articulated Compound Engines.— Triple-Expansion Locomotives.— Compound Back 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.— Index. 

"A welcome addition to the library of the railway engineer." — Engineering Timet. 



In Large Svo. Handsome Cloth. With Plates and Illustrations. 16s. 

LIGHT RAILWAYS 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.E., 

Late Deputy-Manager, North-Western Railway, India, 

"The whole subject 1b exhaustively and practically considered. The work can b* 
cordially recommended as indispensable to those whose duty It is to become acquainted 
with one of the prime necessities of the Immediate future."— Railway Ojflciai Gazette. 
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Second Edition, Enlarged. In Crown 8vo. Handsome Cloth. 
With 212 Illustrations. 6s. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

By CHARLES E. LAKAED, 

A.M.Inst.C.E.,M.I.Mech.E.. Wh.Exh., 
Head of the Mechanical Engineering Department at the Northampton Institute, London, E.C. 

And H. A. GOLDING, A.M.I.Mech.E. 

"Exactly what it should be in order to make it useful to students and practitioners of 
engineering. —Manchester Guardian. 



In Crown 8vo. Handsome Cloth. With 105 Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

FOR BEGINNERS. 

By B. S. M'LAREN. 

Contents.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raising 
Accessories. — Steam Pipes and Valves.— Trie Steam Engine. — Power Transmission. — 
Condensing Plant. — The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Engines. — Strength of Beams, and Useful Information. — INDEX. 

" The best of its kind we have seen, and should be in the hands of every apprentice." 
— Steamship. 

Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute of Angle 
up to 1 00 of Distance. 
For the Use of Surveyors and Engineers. 
By RICHARD LLOYD GURDEN, 
■Vuthorised Surveyor for the Governments of New South Wales and Victoria. 
*.* Published with the Concurrence oj the Surveyors- General for New Sou- /> 
Wales and Victoria, 
" Those who have experience in exact Survey-work will best know how to appreciate 
the enormous amount of labour represented by this valuable book. Every Surveyor in 
active practice has felt the want of suet assistance few knowing of their (the Tables) 

PUBLICATION WILL REMAIN WITHOUT THEM." — Engineer. 



Strongly Bound in Super Royal 8vo. Cloth Boards. 7b. 6d. net. 



Fop Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades. 

By HENRY A. GOLDING, A.M.I.Mech.E., 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed."— Scotsman. 

HORSE-POWER COMPUTERS. 

By H. A. GOLDING, A.M.I.Mech.E., A. M.I. A. E. 

For Steam, Gas, and Oil Engines. Complete with Explanatory 
Pamphlet. In Box. 5s. net. 

For Petrol Motors. Complete with Explanatory Pamphlet. In 

Envelope. 6d. net. 

Detailed Prospectus on Application. 
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Second Edition. Large 8vo, Handsome Cloth. With 
157 Illustrations, 97 Tables, &c. 21s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 

D7 AND 

LEONARD AROHBDTT, P.I.O., F.C.8., E. M. DEELEY, M.I.Mech.E , F.G.S. 

Chemist to the Mid. By. Oo. Chief Loco. Super., Hid. Ey. Co. 

Contents.— I. Friction of Solids.— II. Liquid Friction or Viscosity, and Plastic 
Friction.— III. Superficial Tension.— IV. The Theory of Lubrication.— V. Lubricants, 
their Sources, Preparation, and Properties. — VI. Physical Properties and Methods of 
Examination of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— VIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants. — X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Index. 

" A most valuable and comprehe isive treatise on a subject of the greatest importance- 
to engineers." — Engineering. 

Fot/rth Edition. Very fully Illustrated. Cloth, is. 6d. 

STEAM - BOI LE RS; 

THEIR DEFECTS, MANAGEMENT, AND CONSTRUCTION 

By r. d. mttnro, 

Chief Engineer of the Scottish Boiler Insurance and Engine Inspection Company, 
" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— Coll. Guardian. 



By the same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 



In Crown &vo, Cloth. Fully Illustrated. $s. net. 

EMERY GRINDING MACHINERY, 

A Text-Book of Workshop Praetiee in General Tool Grinding, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

" Eminently practical . . . cannot fail to attract the notice of the users of this class or 
machinery, and to meet with careful perusal."— Chem. Trade Journal. 



Fifth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E. 
Vol. I. — Practical Geometry, Plane, and Solid. 4s. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 
With many Ittuatrations, specially prewired for the Work, and numerous 
Example*, for the Use of Students in Technical Schools and Colleges. 

" A oiPiTAl text-dook, arranged on an bxcbllsnt systmi, calculated to give an Intelligent 
grasp of the snbjoot, and not the mere faculty of mechanical oopylng. . . . Mr. Welle shove 
how to make oomplbtb wonxiHQ-DnAwiNQB, disouasing fully each step In the design."— Elsotriadf 



Rrvir.V) 



LONDON: CHARLES GRIFFIN & Cn iiuixcn 



ENGINEERING AND MECHANICS. 33s 

In Three Parts. Crown 8vo, Handsome Cloth . Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 
PART I.— THE PETROL CAR. 5s. net. 

Second Edition, With important new Appendix, illustrating and defining parts 
of actual cars in use. 

Contents.— Section I.— The Mechanism of the Petrol Car.— The Engine.— 
The Engine Accessories. — Electrical Ignition and Accessories. — Multiple Cylinder Engines. 
— The Petrol. — The Chassis and Driving Gear. — Section II. — The Management of the 
Petrol Car. — The Engine. — The Engine Accessories. — Electrical Ignition. — The Chassis 
and Driving Gear. — General Management. — Appendix. — Glossary.— Index. 

" Should be carefully studied by those who have anything to do with motors." — Auto- 
mobile and Carriage Builders' Journal. 

PART II.-ELECTRICAL AND PETROL ELECTRICAL 

MOTOR CARS. 

Pp. i.-x. + 202. With 50 Illustrations, including Frontispiece and 

3 Plates. 5s. net. 

"Cleverly written . . . will be found of considerable value, — Practical Engineer. 



In Large 8vo. Handsome Cloth. Very Fully Illustrated. 18s. net 
A MAN UAL O F 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 

General Contents.— Part I. : Engines.— Historical.— Power Required.— General 
Arrangement of Engines. — Ignition. — Carburettors. — Cylinders, Pistons, Valves, &c. — 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, &c. — Pumps. — Flywheels. — 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.— 
Marine Motors.— Two-Cycle Motors.— Paraffin Carburettors.— Gas Producers PAKT 
II.: CARS. — General Arrangements. — Clutches. — Transmission. — Differential Gears. — 
Universal Joints. — Axles. — Springs. — Radius Hods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, &c. — Lubrication. — Ball 
Bearings. — Bodies. — Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears. — Special Cars. — Commercial "Vehicles. — Racing Cars.— Index. 

"Thoroughly practical and scientific. We have pleasure in recommending it to all." 
— Mechanical Engineer. 

In Medium 8vo. Handsome Cloth. With 306 Illustrations. 15s. net. 

OIL MOTORS, 

Their Development, Construction, and Management. 

By G. LIECKFELD. (Authorised English Edition). 

CONTENTS.— Liquid Fuels for Power Production. — Development of the Petrol and 
1 • a fli 1 Motors. — Working of the Later Paramn and Petrol Engines. — Ignition Devices. 
— Exrmples of Stationary Petrol, Alcohol, Paramn, and Crude Oil Engines. — Automobiles. 
— 3 lip, Boat, and Air-ship Engines.— Vehicles, &c, Driven by Internal Combustion 
B 'gines.— Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irregularities in Running. 

"One of the most comprehensive publications we have perused, and one that can be 
thoroughly recommended." — Petroleum Review. 



InDemy8vo. Handsome Cloth. Pp. i.-xi. + 176. With 
130 Illustrations. 6s., net. 

CARBURETTORS, VAPORISERS, & VALVES, 

used in Internal Combustion Engines. 

By EDWARD BUTLER, M.I.Mech.E. 

'" Mr. Butler writes with an intimate practical knowledge of his subject, and the book 
is one we have, every pleasure in recommending." — Mechanical Engineer. 
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WORKS BY 
ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E., 

Formerly Professor of Electrical Engineering, The Glas. and W. of Scot. Tech. Coll. 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown ivo. Fully Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many 
B. of E., C. and G. , Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. Sixteenth Edition, Revised. 10s. 6d. 
"The Best Book yet published for the use of Students."— Engineer. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Seventh Edition. In Five Volumes. Including All the Inst. C.E. 
Exams, in Section A, (1) Applied Mechanics; (2) Strength and 
Elasticity of Materials ; (3a) Theory of Structures ; Section B (Group ii.), 
Hydraulics ; Theory of Machines. Also B. of E. ; C. and G. Questions. 

Vol. I.— Applied Mechanics. Large Cr. 8vo. Pp. i.-xviii. + 382. 6s. 
,, II.— Strength Of Materials. Large Cr. 8vo. Pp. i.-xviii. +264. 5s. 
„ III. - Theory Of Structures. Large Cr. 8vo. Pp. i.-xviii. + 232. 5s. 
,, IV— Hydraulics. Large Cr. 8vo. Pp. i.-xvi.-r 274. 5s. 
„ V.— Theory Of Machines. Large Cr. 8vo. Shortly. 

*»* In Five volumes, each complete in itself, and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown &zio. With Illustrations and Examination Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Twelfth Edition, Revised and Enlarged. 3/6 

" Should be in the hands of every engineering apprentice."— Practical Enernetr. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First-Year Students. With Stud. Inst. C.E. and B. of E. 
Exam. Questions. Eighth Edition, Revised and Enlarged. 3/6. 

" A THOROUGHLY TRUSTWORTHY Text-book. PRACTICAL and dear."— Nalvrt. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C.and G. ; and Stud. Inst. C.E. 
_ Questions. Eighth Edition, Revised and Greatly Enlarged. 3/6. 
" l 'kf. worlc * las VERY H,GH qualities, which may be condensed into the one word 
* CLEAR.' — Science and Art. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prot. Jamieson. Pocket Sire. Leather, 8s. 6d. Nineteenth 
Edition. [See p. 47. 

WNDON: CHARLE8 GRIFFIN & CO,, LIMITED, EXETER STREET. STRAND. 
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WORKS BY I. J. MACQUORN RANKINE, LL.D., F.R.S. 

Thoroughly Revised by W. J. MILLAR, C.B. 



A MANUAL OF APPLIED MECHANICS : Comprising the 
Principles of Statics and Cinematics, and Theory of Structures, 
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo, 
Cloth. Seventeenth Edition. 12s. 6d. 



A MANUAL OF CIVIL ENGINEERING : Comprising Engin- 
eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, &c. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth, 
Twenty-Third Edition. 16s. 



A MANUAL OF MACHINERY AND MILL WORK : Com- 
prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &e. With nearly 300 Illustrations. Crown 
8vo, Cloth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and Air 
Engines, by Bryan Donkin, M.Inst.C.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Seventeenth 
Edition. 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c. With 
Appendix for the use of Electrical Engineers. By Professor 
Jamieson, M.Inst.C.E., M.I.E.E. Seventh Edition. 10s. 6d- 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Rankine 
and E. F. Bamber, C.E. With Numerous Illustrations. Crown 
8vo, Cloth. Fifth Edition. 9s. 

*«* The u Mechanical Text-Book" was designed by Professor Rankine at an Intro- 
duction to the above Series of Manuals. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 
ture, Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Energy and its Transformations. Part III. Wave-Forms, 
Propulsion of Vessels, &o. With Memoir by Professor Tait, M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6d. 

" No more enduring Memorial of Professor Rankine could be devised than the publics 
tion of these papers in an accessible form. . . The Collection is most valuable o> 
account of the nature of his discoveries, and the beauty and completeness of his analysis. " 
— Architect. 

10ND0M: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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Third Edition, Thoroughly Revised and Enlarged. With 60 Plates and 
Numerous Illustrations. Handsome Cloth. 34s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

By HENRY ROBINSON, M.Inst.C.E., F.G.S., 

FELLOW OP KING'S COLLBGB, LONDON ; PROP. EMERITUS OP CIVIL ENGINEERING, 
king's COLLEGE, ETC., ETC 

Contents — Discharge through Orifices. — Flow of Water through Pipes.— Accumulators. , 
— Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstan!) ; 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
-Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines.— Drills and 
•Cutters, — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges t Dock 
-Gates, Wheels and Turbines. — Shields. — Various Systems and Power Installations — 
Meters, &c— Index. 
"The standard work on the application of water power." — Cassiers Magazine. 



Second Edition, Greatly Enlarged. With frontispiece, several 

Plates, and over 250 Illustrations. 21s. net. 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illustrations of Engines and Pumps applied to Mininu 

Town Water Supply, Drainage of Lands, &c, also Economy 

and Efficiency Trials of Pumping Machinery. 

By HENRY DAVEY, 

Member of the Institution of Civil Engineers, Member of tbe Institution of 
Mechanical Engineers, F.G.S., &c. 

Contents — Early History of Pumping Engines — Steam Pumping Engines - 
JPumps and Pump Valves — General Principles of Non-Rotative Pumping 
Engines — The Cornish Engine, Simple and Compound — Types of Mining 
Engines— Pit Work— Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power — Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other 
Xow-Lift Pumps— Hydraulic Bams, Pumping Mains, 4c. — Index. 

1 By the 'one English Engineer who probably knows more about Pumping Machinery 

[hm ANY OTHER.' ... A. VOLUME RECORDING THE RESULTS OP LONG EXPERIENCE ANT. 

■study."— The Engineer. 

In Large Crown Svo. Handsome Cloth. Fully Illustrated. 

SEA WATER DISTILLATION, 

By FRANK NORMANDY", of the Middle Temple, Barrister-at-Law. 
Contents.— Distilling Machinery.— Sea Water.— Steam.— Multiple Distillation.— The 
Evaporator. — The Distilling Condenser.— Pumping Machinery. — Useful Memoranda:— 
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning, 
Overhauling, &c— INDEX. 



In Handsome Cloth. With 11 Folding Tables. 
EXPERIMENTAL INVESTIGATIONS ON THE POWER REQUIRED TO DRIVE 

ROLLING MILLS. 

Translated from the German op J. PUPPE. 

LONDON : CHARLE8 GRIFFIN & CO.. LIMITED, EXETER STREET STRAND. 



NAVAL AROBITMGTURE. 37 

In Large 8vo. Handsome Cloth. Profusely Illustrated. In Two 
Volumes, Each Complete in itself, and Sold Separately. 

THE DESIGN 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in Glasgow University. 

Volume I. -CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrations. Complete in itself, with 
Index. 25s. net. 
Contents.— Pakt I.— Areas, Volumes, and Centres of Gravity. Pakt II.— Ship 
Calculations. Pakt III.— Strength of Ships. 
" No teacher of naval architecture nor scientifically- equipped student of the same 
subject can afford to he without it ... A work with up-to-date information whcih 
will doubtless remain the standard for many years." — Times' Engineering Supplement. 

Volume II., dealing with Stability, Waves, Oscillations, Resistance aDd 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 



BY PROFESSOR BILES. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 131 Illustrations. Price 6s. net. 
See page 28. 



Royal 800, Handsome Cloth. With numerous Illustrations and Tables. 25s. 

THE STABILITY OF SHIPS. 

By Sir EDWARD J. REED. K;C.B., F.R.S., M.P., 

KNIGHT OF THE IMPERIAL ORDERS OP ST. STANILAUS OF RUSSIA; FRANCIS JOSEPH 01 
AUSTRIA ; MEDJIDIE OF TURKEY ; AND RISING SUN OF JAPAN ; VICE- 
PRESIDENT OF THE INSTITUTION OF NAVAL ARCHITECTS. 

" Sir Edward Reed's ' Stability of Ships ' is invaluable. The Naval Architect 
will find brought together and ready to his hand, a mass of information which he would other* 
wise have to seek in an almost endless variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."— •Steamship. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 

HYDROGRAPHIC SURVEYING. 

For the Use of Beginners, Amateurs, and Port and 

Harbour Masters. 

By COMMANDER S. MESSTJM, R.N., 

Instructor in Nautical Purveying, E..U'. College, Greenwich. 
Contents.— Sextant.— Protractor.— Station Pointer.— Theodolite.— Projections.- 
Symbols and Abbreviations.— Plotting and Triangulation of a Small Plan.— Mast-head 
Angle Survey.— Meridian Distances.— APPENDIX.— INDEX. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND.- 
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WORKS BY THOMAS WALTON, 
NAVAL ARCHITECT. 



Fourth Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 18s. net. 

STEEL SHI PS? 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and lUarine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "KNOW YOUR OWN SHIP." 

Contents. — I. Manufacture of Cast Iron, Wrought Iron, and SteeL — Com- 
position of Iron and Steel, Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Type of Vessel. — Framing 
of Ships. IV. Strains experienced by Ships. — Methods of Computing ana 
Comparing Strengths of Ships. V. • Construction of Ships. — Alternative Modes 
of Construction. — Types of Vessels.^Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships. — Cement, Paint, &e. — Index. 

* So thorough and well written is every chapter in the book that it is difficult to select 
any of them as being worthy of exceptional prase. Altogether, the work iB excellent, ami 
will prove of great value to those for whom it is intended."— The Engineer. 



In Handsome Cloth. Very fully Illustrated. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers. 
By THOS. WALTON. 
Geseral Contents. — Classification. — Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. — Index. 

"Simple language . . . clear and easily followed illustrations." — Timet 
Engineering Supplement. 
" We heartily recommend it to all who have to do with ships." — Steamship. 



Eleventh Edition. Illustrated, Handsome Cloth, Crown 8vo. 7s. 6d. 

The Chapters on Tonnage and Freeboard have been brought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP, 

By. THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners 

Superintendents, Draughtsmen, Engineers, and Others, 



Contents. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Itructure. — Stability. — Rolling. — Ballasting. — Loading.— Shifting Cargoes.— Effect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations.— 



Sot of Calculations from Aotual Drawings.— Index. 

" The work Is of the highest value, and all who (to down to the sea In ships should make them 
sulvos acqunliitocl with It. -SMp/nni/ World (on the now edition). 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Edited by EDW. BLACKMORE, 

Master Mariner, First Claaa Trinity House Certificate, Assoc. Inst. N. A. ; 

And Written, mainly, by Sailors for Sailors. 



"This admirable series."— Fairplay. "A very useful series."— Nature. 
"Every Ship should have the whole Series as a Reference Library. Hand- 
somely BOUND, CLEARLY PRINTED and ILLUSTRATED."— Liverpool Journ. of Commerce. 



The British Mercantile Marine : An Historical Sketch of its Rise- 

and Development. By the Editor, Capt. Blaokmore. 3s. 6d. 

" Captain Blackmore's splendid book . . . contains paragraphs on every point 
Of Interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU- 
ABLE to the sea captain that have EVER been COMPILED."— Merchant Service Review. 



Elementary Seamanship. By D. Wilson-Barker, Master Mariner, 
F.R.S.E., F.R.G.S. With numerous Plates, three in Colours, and Frontispiece. 
Fifth Edition, Thoroughly Revised. With new Chapter on Clouds. 6s. net. 
"This ADMIRABLE MANUAL, by CAPT. WILSON BARKER, of the 'Worcester,' seems 

to us PERFECTLY designed."— Athenaeum. 



KnOW Your Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and freeboard of Ships. By THOS. WALTON, Naval Architect. 
Eleventh Edition. 7s. 6d. 
"Mr. Walton's book will be found very useful."— The Engineer. 

Navigation : Theoretical and Practical. By D. Wilson-Bahkbk 

and William Allingham. Second Edition, Revised. 3s. 6d. 
"Precisely the kind of work required for the New Certificates of competency 
Candidates will find it invaluable. "—Dundet Advertiser. 



Marine Meteorology : For Officers of the Merchant Navy. By 
WILLIAM ALLINOHAM, First Class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and facsimile reproduction of log page. 7s. 8d. 
" Quite the best publication on this subject."— Shipping Gazette. 



Latitude and Longitude : How to find them. By w. J. Millar, 

C.E. Second Edition, Revised. 2s. 

" Cannot but prove an acquisition to those studying Navigation." — Marvne Engineer 

Practical Mechanics : Applied to the requirements of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.S. Third Edition, Revised. 3s. 6d. 
" Well worth the money . . . exceedingly helpful. "—Shipping World. 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." THIRD EDITION, Revised. 
Price 3s. 6d. 
"This eminently PRACTICAL and reliable volume."— Schoolmaster. 



Practical Algebra. By Rich. C. Buck. Companion Volume to the- 
above, for Sailors and others. SECOND EDITION, Revised. Price 3s. 6d. 
" It is JUST THE BOOK for the young sailor mindful of progress." — Nautical Magazine- 

The Legal Duties of Shipmasters. By Benedict Wm. Ginsbtjrg, 

M.A., 1L.D., of the Inner Temple and Northern Circuit; Barrister-at-Law. SECOND- 

Edition, Thoroughly Revised and Enlarged. Price 4s. 6d. 

" Invaluable to masters. . . . We can fully recommend it —Shipping Gazette. 

A Medical and Surgical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.R.C.S., Principal Medical Officer, Seamen's 
Hospital, Greenwich. THIRD EDITION, Thoroughly Revised. 6s. 
" Sound, judicious, really helpful."— The Lancet. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES . 

Introductory Vohvme. Price Ss. 6d. 
THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTER MARINER; ASSOCIATE OP THE INSTITUTION OF NAVAL ARCHITECTS; 

MBMBER OP THE INSTITUTION OP ENGINEERS AND SHIPBUILDERS 

IN SCOTLAND; EDITOR OF GRIFFIN'S "NAUTICAL SERIES." 

General Contents. — Historical: From Early Times to 1486— Progress 
onder Henry VIII. — To Death of Mary— During Elizabeth's Reign— Up to 
tile Reign of William III.— The 18th and 19th Centuries — Institution of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Looksley Hall" Case- 
Shipmasters' Societies— Loading of Ships — Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. The Personnel : Shipowners— Officers — Mariners- 
Duties and Present Position. Education: A Seaman's Education: what it 
should be — Present Means of Education — Hints. Discipline and Dun- 
Postscript — The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

"Interesting and Instructive , . may be read witb profit and enjotmknt."- 
Gleugow Herald. 

"Eveby branch of the subject is dealt with in a way which shows that the writer 
4 knows the ropes' familiarly."— Scotsman. 

" This admirable book , . . TEEMS with useful information — Should be In the 
hands of every Sailor."— Western Morning New. 



Fifth Edition, Thoroughly Revised. With 2^. Plates (3 Coloured) 
and 60 Illustrations in the Text and new Chapter on Clouds. 
Price 6s. 

ELEMENTARY SEAMANSHIP. 

BY 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&o.,&o. 

70UN0ER BROTHER OF THE TRINITY HOUSE. 

General Contents. — The Building of a Ship; Parts of Hull. Masts, 
&c. — Ropes, Knots ; Splicing, &c. — Gear, Lead and Log, &c. — Rigging, 
Anchors — Sailmaking — The Sails, &c. — Handling of Boats under Sail — 
Signals and Signalling — Rule of the Road — Keeping and Relieving Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*** The volume contains the hew rules of thr koad. 

"This uiuuum manual, by Oapt. Wilson-Barker of the 'Worcester,' seems to ui 
pbrfbotlv desionrd. and holds its plaoe exoellently in 'Griffin's Nautical Sbrxss.' . . . 
Although intended for those who are to beoome Offloers of the Merchant Navy, it will be 
found useful by all yachtsmen. "— Athtntaum. 

*»* For complete List of Okutith's Nautical Series, Bee p. 39. 

LONDON : CHARLES CRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised and Illustrated. Price 3s. 6d. 

NAVIGATION: 

PRACTICAL AND THEORETICAL. 

By DAVID WILSON-BARKER, R.N.R., F.R.S.E., <fec, &o., 

AND 

WILLIAM ALLINGHAM, 

FIRST-OLASS HONOURS, NAVIGATION, SOIENOE AND ART DEPARTMENT. 

"\KHttb numerous SUustratfons ano Examination Questions. 

General Contents. — Definitions — Latitude and Longitude— Instruments 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing — Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Mercator Sailing — Current Sailing — Position by Bearings — Great Circle Sailing 
— The Tides — Questions — Appendix : Compass Error — Numerous Useful Hints, 
Ac. — Index. 

" Precisely the kind of work required for the New Certificates of competency in grades 
from Second Mate to extra MaBter. . Candidates will find it invaluable."— Dundti 

Advertiser. 

" A capital little book . . , specially adapted to the New Examinations. The 
Authors are Capt. Wilson-Barker (Captain-Superintendent of the Nautical College, H.M.S. 
1 Worcester," who has had great experience in the highest problems of Navigation), and 
Ms. Alllngham, a well-known writer on the Science of Navigation and Nautical Astronomy." 
—Shipping World. 



Handsome Cloth. Fully Illustrated. Price 7s. 6d. 

MARINE METEOROLOGY, 

FOE OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

INTRODUCTORY. — Instruments Used at Sea for Meteorological Purposes. — Meteoro- 
logical Log-Books.— Atmospheric Pressure. — Air Temperatures.— Sea Temperatures.— 
Winds.— Wind force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
fitorm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Rain, Snow, and Hail.— 
Mirage, Rainbows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
Questions.— Appendix.— Index. 

" Quite the best publication, and certainly the most interesting, on this subject ever 
presented to Nautical men."— Shipping Gazette. 

*»* For Complete List of Griffin's Nautical Series, see p. 39, 
10WD0N : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND- 



42 OHARLES GRIFFIN & OO.'S PUBLICATIONS. 

GrRIFFIN'S NAUTICAL SERIES.~ 

Third Edition, Revised. With Numerous Illustrations. Price 3s. 6d. 

PRACTICAL MECHANICS: 

Applied to the [Requirements of the Sailor. 

By THOS. MACKENZIE, Master Mariner, F.R.A.S. 

General Contents. — Resolution and Composition of Forces — Work done 
by Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers— The Wheel and Axle : Windlass ; Snip's Capstan ; 
Crab Winch— Tackles : the "Old Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, Manilla, Hemp, Coir— Derricks and Shears— Calculation of the 
Cross-breaking Strain of Fir Spar — Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pnmp, &c. 

" Well wobth the money . . . will be found exceedingly helpful."— 
Shipping World. 

No Ships' Offioebs' bookcase will henceforth be complete without 
Captain Mackenzie's ' Practical Mechanics.' Notwithstanding my many 
years' experience at sea, it has told me lunv much more there is to acquire."— 
(Letter to the Publishers from a Master Mariner). 



WORKS BY RICHARD C. BUCK, 

of the Thames Nautical Training College, H.M.S * Worcester.* 

A MANUAL OF TRIGONOMETRY: 

With Diagrams, Examples, and Exercises. Price 3s. 6d. 

Third Edition, Revised and Corrected. 
*»* Mr. Buck's Text-Book has been specially prepabed with a view 
to the Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This eminently practical and reliable volume." — Schoolmaster. 

A MANUAL OF ALGEBRA. 

Designed to meet the Requirements of Sailors and others. 
Second Edition, Revised. Price 3s. 6d. 

%* These elementary works on algebra and trigonometry are written specially for 
those who will have little opportunity of consulting a Teacher. They are books for "smur. 
help." All but the simplest explanations have, therefore, been avoided, and answers te 
the Exercises are given Any person may readily, by careful study, become master of their 
contents, and thus lay the foundation for a further mathematical course, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
serviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Cadets of the "Worcester." 

" Clearly arranged, and well got up. . . A first-rate Elementary Algebra."— 
Nautical Magazine. 

Second Edition, Revised. With Diagrams. Price 2b. 

LATITUDE AND LONGITUDE : How to Find them. 

By W. J. MILLAR, C.E., 

Late Secretary to the Inst, of Engineers and Shipbuilders in Scotland. 
" Concisely and cleably written . . . cannot but prove an acquisition 
to those studying Navigation." — Marine Engineer. 

" Young Seamen will find it handy and useful, simple and olbak."— The 
Engineer. 

*.* For complete List of Griffin's Nadtical Series, see d, 39 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised and Extended. In Crown 8vo. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

By BENEDICT WM. GINSBTJRG, M.A., LL.D. (Oantab.), 

Of the Inner Temple and Northern Circuit ; Barrister-at-Law. 
General Contents.— The Qualification for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Engagement ; 
Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge— The Master's Duty in respect of the Passengers— The Master'a 
Financial Responsibilities — The Master's Duty in respect of the Cargo— The Master'a 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Hags, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matter* : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, &c, &c— Copious Index. 

" No intelligent Master should fail to add this to his list of necessary books. A few lines 
of It may save a lawyer's fee, besides endless wobry."— Liverpool Journal of Commerce. 



FIRST AID AT SEA. 

Third Edition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 

MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

%* The attention of all interested in our Merchant Navy is requested to this exceedingly 
aaefnl and valuable work. It is needless to say that it is the outcome of many years 
practical experience amongst Seamen. 

"■' Sound, judicious, really helpful." — The Lancet. 



Eleventh Edition. Revised, with Chapters on Trim, Buoyancy, and 
Calculations. Numerous Illustrations. Handsome Cloth, Grown 8vo. 
Price Is. 6d. 

KNOW YOUR OWN SHIP, 

By THOMAS WALTON, Naval Aechitect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others. 

This work explains, in a simple manner, such important subjects as: — Displacement. — 
Deadweight. —Tonnage. — Freeboard. — Moments. — Buoyancy. — Strain.— Structure. — Stab- 
ility.— Boiling.— Ballasting. — Loading. — Shifting Cargoes. — Admission of Water.— Sail 
Area. — &c. 

" The little book will be found exceedingly handy by most officers and officials connected 
with shipping. . . . Mr. Walton's work will obtain lasting success, because of its unique 
fitness for those for whom it has been written."— Shipping World. 



BY THE SAME AUTHOR. 

STEEL SHIPS: Their Construction and Maintenance, 

(See page 38.) 
%* For Complete List of Gr otto's Nautical Series, see p. 39. 
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44 CHARLES ORxjemm <t> CO.'S PUBLICATIONS. 

Sixteenth Edition, Tlwrovghly Jteviaed. Large Svo, Cloth. 

pp. i-xxiv+712. With 260 Illustrations, reduced from 

Working Drawings, and 8 Plates. 21s. net. 

A MANUAL OP 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, M.I.C.E., M.I.Mech.E., M.I.N.A. 

General Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, "Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part VI. — Miscellaneous. 

"The Student, Draughtsman, and Engineer will find this work the most valuable 
Handbook of Reference on the Marine Engine now in existence." — Marine Engineer. 



Tenth Edition, Thoroughly Revised. Pocket-Size, Leather. 8s. 6d. 
A POCKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THE TTSE OF 

Marine Engineers, Naval Architects, Designers, Draughtsmen, 
Superintendents and Others. 

By A. E. SEATON, M.I.O.E., M.I.Mech.E, M.I.N.A., 

and' 
H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A 

" The best book of its kind, and the information is both up-to-date and reliable.' — 



In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 

65 other Illustrations, and 60 Tables. 12s. 6d. net. 

THE SCREW PROPE LI^E It 

And other Competing Instruments for Marine Propulsion. 
By A. E. SEATON, M.Inst.C.E., M.I.Mech.E., M.I.N.A. 

" Contains all that is useful to know about the screw propeller. . . . Thoroughly 
tip-to-date."— steamship. 

In Pocket Size. With 368 Pages. 3s. 6d. net. 

ENGLISH-SPANISH and SPANISH-ENGLISH. 

SEA TERMS AND PHRASES. 

By Fleet-Paymaster GRAHAM-HEWLETT. 

" Most complete . . . useful . . . we can heartily recommend It."— Steamship. 



In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. 

By P. GBOVES-SHOWELL, 

Head of tho Navigation Department, L.0.0. School, Poplar. 
"Mr. Qrovei-Showell writes with a full knuwledge of his subject, and with admirable- 
clearness. — SMpbuilfor. 
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ENGINEERING AND MECHANICS. 45 

Second Edition, Revised. In Crown Svo, extra, with Diagrams 
and Folding-Plate. 7s. 6d. net. 

THE CALCULUS FOR ENGINEERS 
AND PHYSICISTS, 

INTEGRATION AND DIFFERENTIATION, 

With Applications to Technical Problems; 

AND 

CLASSIFIED REFERENCE LIST OF INTEGRALS. 

By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.I.Mech.E., &c. 

" Interesting diagrams, with practical illustrations of actual occurrence, are to be found here, 
in abundance. Thb very complhtb classified beference tablb will prove very useful in- 
saving the time of those who want an integral in a hurry."— The Engineer. 



In 4to, Boards. 7a. 6d. 

MEASUREMENT CONVERSIONS 

(English and French) : 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at » glance the Mutual Conversion of Measurements 

in Different Units 

Of Lengths, Areas, Volumes, "Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, &o. 

For the use of Engineers, Surveyors, Architects, and Contractors. 

By PROF. ROBERT H. SMITH, A.M.Inst.C.E., M.I.Mech.E., &o. 

* # * These Tables form the most unique and comprehensive collection 

ever placed before the profession. By their use much time and labour will 

be saved, and the chances of error in calculation diminished. 



Third Edition. Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, 

printed on Special Thin Paper, with Illustrations, pp. i-xii + 834. Price 18s. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

By HENRY HARRISON SUPLEE, B.Sc, M.E. 

" We feel sure it will be of great service to mechanical engineers."— Engineering. 



THE STUDENT'S MECHANICS: 

An Introduction to the Study of Foree and motion. 

By WALTER R. BROWNE, M.A., M.Inst.C.E. 
With Diagrams. Crown 8vo. Cloth, 4s. 6d. 
" Clear in style and practical in method, 'Thb Student's Mechanics' is curdially to be 
recommended from all points of view." — Athenaunt. 

By the Same Author. 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, is. 
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46 CHARLES GRIFFIN <fc OO.'S PUBLICATIONS. 

ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large &vo. Handsome Cloth. Profusely 
Illustrated with Plates, Diagrams, and Figures. 24s. net. 

ANTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E., 

Late Memb. of Council Inst E. E. , and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 
"One of the most valuable contributions to Central Station literature we have had 
for some time."— Electricity. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net 

ELECTRICITY CONTROL. 

A Treatise on Eleetrie Swltehgear and Systems of Electric Transmission. 

By LEONARD ANDREWS, 
Associate Member of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c 
General Principles of Switchgear Design.— Constructional Details— Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmission Schemes. 

"Not often does the specialist have presented to him so satisfactory a book as this. . . . 
"We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power. 



Large 8vo, Cloth, with 334 Pages and 307 Illustrations. 16s. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.Inst.E.E. 

"An earnest and successful attempt to deal comprehensively with modern methods of 
measuring current or power in electrical installations."— Engineering. 

In Large 8vo. Handsome Cloth. Fully Illustrated. 

TRANSFORMERS. 

By HERMANN BOHLE, M.I.E.E.. 
Prof, of Electrotechnics, S.A. College, Cape Town, 
And Professor DAVID ROBERTSON, B.Sc, A.I.E.E., of Bristol. 
Contents.— General Principles.— Magnetising and No-Load Currents.— Losses in 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Magnetic Leakage.— 
Leakage Inductance.— Vector Diagrams for Transformers.— SystematicTesting of Trans- 
formers.— Insulating Materials.— Examples of Construction.— Design of Transformers.— 
Applications of Transformers.— Regulating and Phase-Changing Transformers.— Index. 



In Large 8vo. Profusely Illustrated. 8a. 6d. net. 

WIRELESS TELEGRAPHY. 

Br GUSTAVE EICHHORN, Ph.D. 

"Well written . . . and cnmblneB with a good deal of description a careful 
Investigation of the fundamental theoretical phenomena."— .Nature. 
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In Large Crown 8vo. Handsome Cloth. With 222 Illustrations. • 5s. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based. 
By ARTHUR CROTCH, of the Engineer-in-Chief's Department, G.P.O. 

Contents.— Batteries, Primary and Secondary. —Universal Battery Working. — 
Duplex Telegraphy. — Duplex and Quadruplex Telegraphy. — Automatic Telegraphy. — 
Multiplex Telegraphy.— The Hughes Type Printing Instrument.— The Baudot System.— 
The Murray Type Printing Telegraph.— Test and Battery Boxes.— Circuit Concentration, 
&c. — Repeaters. — Submarine Telegraphy. — Wireless Telegraphy. —Index. — I/IST of 
Diasrams op Connections. 

"This book is a particularly good one . . . we can thoroughly recommend it . . . 
a handy book of ready reterence."— Electrical Review. 

"The treatise will be of much help to the telegraph engineer, and to the student 
in his preparatory training and it can be thoroughly recommended." — Electrician. 



Nineteenth Edition. Leather, Pocket Size, with 8io pag§s. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

" Wonderfully Pkrfkct. . Worthy of the highest commendation we can 

give it." — Electrician. 



ORLFFIN'S ELECTRICAL PRICE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Second Edition. 8s. 6d. 



ELECTRIC SMELTING AND REFINING. [See p. 67. 

ELECTRO-METALLURGY, A Treatise on. [See p. 67. 

ELECTRICAL PRACTICE IN COLLIERIES. [See p. 57. 

ELECTRICAL SIGNALLING IN MINES. {In Active Preparation. 



In Large Crown Svo. Handsome Cloth. 

ELECTRICAL THEORY 

AND THE 

PROBLEM OF THE UNIVERSE, 

By G. W. DE TUNZELMANN, B.Sc, London, 
Member of the Institute ol Electrical Engineers ; formerly Professor of Natural 

Philosophy and Astronomy, H.M.S. " Britannia," Dartmouth. 
CONTENTS. — Fundamental Electrical Phenomena. — Units and Measurement. — 
Meaning and Possibility of a Mechanical Theory of Electricity.— The Ether.— The Ether 
as a Framework of Reference for Motion.— The Relations between Ether and Moving 
Matter.— Electric Conduction in Gases.— The Faraday-Maxwell Theory.— The Electron 
Theory.— Magnetism and the Dissipation of Energy.— Contract Electrification and 
Electrolysis.— Metallic Conduction.— Optical Phenomena.— The Mechanism of Radiation. 
—General Phenomena of Radio Activity.— Transmutations of Radio-Active Substances. 
—Ages of the Sun and Earth.— The Solar Carona, The Aurora, and Comets" Tails.— 
Radio-Activity in Stars and Nebulae— Arrangement and Number of Atoms in a Mole- 
cule. —Change's in the Aspect of Fundamental Mechanical Principals. — Gravitation 
And Cohesion.— The Place of Mind in the Universe.— Mathematical and other Appen- 
ces.— Index. 
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In Four Volumes. Crown 8uo. Fully Illustrated. Sold Separately. 

AN ELEMENTARY TEXT-BOOK OF PHYSICS. 

By R. WALLACE STEWART, D.Sc. (Lond.) 
Just Published. Cloth. With 142 Illustrations. 3s. 6d. net. 

LIGHT. 

Contents. — Introductory. — Rectilinear Propagation of Light. — 
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical 
Surfaces. — Refraction. — Refraction through Lenses. — Dispersion. — Index. 

Vol. II. With 141 Pages and 48 Illustrations. 2s. 6d. net. 

s o xj a* x>. 

Contents. — Simple Harmonic Vibration. — Production of Sound. — 
Wave Motion. — Propagation of Sound. — Characteristics of Sound. — Re- 
flection and Refraction of Sound. — Velocity of Sound in Air and Water.— 
Transverse Vibration of Strings. — Longitudinal Vibration of Rods and 
Columns of Air. — Index. 



Other Volumes in Preparation, and which will be Published Shortly, 
HEAT. MATTER. 

In Large 8vo. With Bibliography, Illustrations in the Text, and 
Seven Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudged in 1893 

in the University of Cambridge. 

By J. H. POYNTING, Sc.D., F.R.S. 

"Cannot fail to be of great and general interest." — Atheiusum. 



Just Published. In Crown 8vo, Cloth. Illustrated with 
Diagrams. 3s. net. 

THE FORCE OF THE WIND. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.), 

Professor of Civil Engineering, Toug Shan Engineering College, If. China. 
Contents. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind.— Variations in Velocity. — Stream Line Theory. — Stress 
in Structures due to Wind. — Windmills. — Train and Motor Resistance. — 
Effect of Wind on Water.— Scouring Effect of Wind. — Index. 

In Crown 8vo. Handsome Cloth. With 22 Diagrams. 3s. 6d. net. 

STRESSES IN MASONRY, 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone. — Walls. —Columns and Piers.— 
Brackets and Cantilevers. — Simple Arohes.- Vaults and Skew Arches. — 
Domes.— Retaining Walls and Domes.— Artificial Stone.— Re-iuforced 
Concrete. — Index. 
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TEZT-SGGK OF rmaiCS. 4$» 

In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTING, Sc.D., F.R.S., 

Professor of Physics, Birmingham University, 

And Sir J. J. THOMSON, M.A., E.R.S., 

Professor of Experimental Physics in the University of Cambridge. 



Introductory Volume. Fifth Edition, Revised. Fully Illustrated^ 

10s. 6d. 

PROPERTIES OF MATTER. 

Contents. — Gravitation. — The Acceleration of Gravity, — Elasticity. — Stresses and 
Strains.— TorBi on.— Bending of Rods.— Spiral Springs.— Collision.— Compressibility of 
Liquids.— Pressures and Volumes of Gases.— Thermal Effects Accompanying Strain.— 
Capillarity.— Surface Tension.— Laplace's Theory of Capillarity.— Diffusion of Liquids — 
Diffusion of Gases.— Viscosity of Liquids.— Index. 

"We regard this book as quite indispensable not merely to teachers but to physicists of every 
grade above the lowest."— Unwersity Correspondent 



Volume II. Fifth Edition. Fully Illustrated. Price 8a. 6d. 

SOUND. 

Contents. — The Nature of Sound and its chief Characteristics,— The /elocity of Sound 
in Air and other Media.— Reflection and Refraction of Sound.— Frequency and Pitch of 
Notes.— Resonance and Forced Oscillations. —Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or "Wires.— Pipes and other Air Cavities.— Rods.— Plates. 
—Membranes. — Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Index, 

" The work . . . maybe recommended to anyone desirous of possessing an easy 
up-to-date Standard Treatise on Acoustics."— Literature. 



Volume III. Third Edition, Revised. Fully Illustrated. Price 15s. 

HEAT. 

Contents. —Temperature. — Expansion of Solids. —Liquids. —Gases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat.— Conductivity.— Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory— Change of State ; 
Liqjid, Vapour. — Critical Points. — Solids and Liquids. —Atmospheric Conditions.— 
Radiation.— Theory of Exchanges.— Eadiation and Temperature.— Thermodynamics.— 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index. 

"Well up-to-date, and extremely clear and exact throughout. . As clear as 
it would be possible to make such a text-book " — Nature. 

Remaining Volumes in Preparation — 

LIGHT; MAGNETISM AND ELECTBICITY. 
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SO CHARLES GRIFFIN <fe CO.'S PUBLICATIONS. 

GRIFFIN'S LOCAL GOVERNMENT HANDBOOKS. 

WORKS SUITABLE FOE, MUNICIPAL AND COUNTY ENGINEERS, 

ANALYSTS, AND OTHERS. 

See also Davies' Hygiene, p. 99, and MacLeod's Calculations, p. 110 General Catalogue. 

Gas Manufacture (The Chemistry Of). A Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. Butterfield, M.A., F.I.C., F.C.S. With Illustrations. Fourth 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation. [See page 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middleton, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Numerous Hates and Diagrams. Crown 8vo. 8s.6d.net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. ByC. H. Wobdingham, A.K.C..M.I.C.E. SECOND EDITION. 24s.net. [Seep. 16 

Eleetrieity Control. By Leonard Andbews, A. M.Inst.C.E., M.I.E.E. 
12s. 6d. net. [See page 46. 

Eleetrieity Meters. By Henby G. Solomon, A.M. Inst. E.E. 16s. 

net. [See page 46. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 

to the Prevention of Rivers' Pollution. By W. NAYLOR, F.C.S., A.M.Inst.C.E. 

With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Redgrave, Assoc.Inst.CE., 
and Chas. Spaceman, F.C.S. Second Edition. 15s. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Engineers, 

Surveyors, and others. By Thomas Aitken, Assoc.M.Inst.C.E.,<fcc. Second Edition, 
Revised and Enlarged. 21s. net [See page 79. 

Dustless Roads— Tar Macadam. By J. Walker Smith, City 
Engineer, Edinburgh. Fully Illustrated. 10s. 6d. net. [See page 79 

The Principles of Sewage Treatment. By Prof. Dunbar, of Ham- 
burg. Translated by H. T. Calvert, M.Sc, Ph.D., F.I.C. 15s. net. [See page 76 

Light Railways at Home and Abroad. By William Hei.-ry Cole, 

M.Inst.C.E., late Deputy Manager, North-Westem Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 30. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By GEO. Reid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, Thoroughly Revised. 
6s. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.InBt.C.E., F.G.S. 'second 
Edition, Revised. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C., Chemist to the Aylesbury Dairy 
Company. Second Edition, Revised. With Tables, Illustrations, Ac. Handsome 
Cloth. [See page 73. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 78. 

Milk : Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Coutrol of Supplies. By Edward F. 
WlLLOUGHBY, M.D. (Lond.), D.P.H. (Loud, and Camb.), 6s. net. [See page 73. 

Flesh Foods : With Methods for their Chemical, Mioroscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitohell, B.A., F.I.C. 10s. 6d. [See page 72. 

Foods : Their Composition and Analysis, By A. Wynter Blyth, 
M.R.C.S., F.O.S., Public Analyst for the County of Devon, and M. W .Bltth, 
B.A., B.SO. With Tables, Folding Plate, and Frontispiece. Fifth Edition, 
Thoroughly Revised. 21s. [See page 72. 

iONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 



Geological, Prospecting, Mining, and Metallurgical Publications. 



Geology, Stratigraphical, . 
„ Practical Aids, 
„ Open Air Studies, ' . 

Mining Geology 

Prospecting for Minerals, 
Ore and Stone Mining, 

Elements of Mining, 

Coal Mining, 

Practical Coal Mining, . 

Elementary „ 

Eleet, Colliery Praetiee, 
Mine Surveying, . 
Theodolite Surveying, . 
Mine Air, Investigation of, 
Elect. Signalling in Mines, 
Mining Law, ... 
Blasting and Explosives, . 
Testing Explosives, 
Shaft Sinking, 

Mine Aeeounts 

Mining Eng. Report Book, 
Petroleum 

A Handbook on Petroleum, 

Oil Fuel, .... 

Mineral Oil Testing, . 
Metallurgical Analysis, 
Microscopic Analysis, Metals, 
Metallurgy (General), . 

„ (Elementary), . 

„ Intro, to Practical, 

Getting Gold, .... 

Gold Seeking in S. Afriea, . 

Cyanide Process, 

Cyaniding, . 

Electrie Smelting, 

Electro-Metallurgy, . 

Assaying, 

Metallurgical Analysis, Tables, 
Metallurgy (Introduction to), . 

Gold, Metallurgy of, 

Lead and Silver, Metallurgy of, . 

Iron, Metallurgy of, 

Steel, ,, 

Alloys, Industrial Appl., 

Antimony, 
Metallic Alloys (Structure), 
General Foundry Practice, 
Iron-Founding, . . . 

Precious Stones, . ■ • 

Spanish Mining Terms, 



E. Etheridge, F.E.S., . 
Prof. Grenvillk Cole, . 

Prof. James Park, F.G.S., 

5. Herbert Cox, A.E.S.M., 
Foster and Cox, 

Sir C. Le Neve Foster, 
H. W. hughes, F.G.S., . 

6. L. Kerr, "M.Inst.M.E., 



D. Burns, . 
Bennett H. Brough, A.E.S.M, 
Prof. James Park, F.G.S., 
Foster and Haldane, 
g. j. hooghwinkel, 
C. J. Alford, 

0. GUTTMANN, A.M.I.C.E. 
BlBHEL AND LARSEN, 
EIEMER AND BR0UGH, 
J. G. LAWN, A.E.S.M., 

E. E. FIELD, M.Inst.M.M. 
Sir Boverton Eedwood, 
Thomson and Eedwood, 
Sidney H. North, . 
J. Hicks, . 

MACLEOD AND WALKER, 

F. Osmond and J. E. Stead, 
Phillips and Bauerman, 
Prof. Humboldt Sexton, 
Prof. Thos. Turner, A.E.S.M., 
J. C. F. Johnson, F.G.S., 
T. Kassner, 
Prof. James Park, F.G.S., 
Julian and Smart, . 

BORCHERS AND McMlLLAN, 

W. G. McMillan, F.I.C., 

J. J. AND C. BERINGER, . 

J. J. Morgan, F.C.S., 
Sir. W. Eoberts-Austen, K.C.B.. 
Dr. Kirke Eose, A.E.S.M., . 
H. F. Collins, A.K.S.M., 
Prof. Thos. Turner, A.E.S.M., 

F. W. Harbord, 

Ed. F. Law, A.E.S.M., 
C. Y. WANG, 

G. H. Gulliver, B.Sc, 

MoWlLLIAM AND LONGMUIR, . 

Prof. Thomas Turner, A.E.S.M. 
Dr. Max Bauer, 
Ed. Halse, A.E.S.M., 



F.E. 



PAGE 
. 52 
. 52 

. 85 
. 56 

5S 
. 51 
. 54 
. 55 
. 55 
. 55 
. 57 
. 5ft 
. 56 

51 
. 58 
. 57 
. 58 
. 58 
. 58 
. 57 

57 
. 61 
. 61 
. 61 
. 61 
. 60 

60 
. 60 
. 66 
. 66 
. 59 

59 

59 

. m 

. 67 

. 67 

. 66 

. 67 

. 63 
63 

. 61 

. 65 



57 



LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



j2 CHARLES GRIFFIN J> OO.'S PUBLICATIONS. 

Demy 8vo, Handsome cloth, 84s. 

Stratigraphical Geology & Palaeontology, 

OJV THE BASIS OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S., 

OP THE NATURAL HIST. DEPARTMENT, BRITISH MUSEUM, LATH PALAEONTOLOGIST TO THB 

GEOLOGICAL SURVEY OF GREAT BRITAIN, PAST PRESIDENT OF THB 

GEOLOGICAL SOCIETY, ETC. 

TlflUtb /fcap, TRumecous Gables, an& Hbfrt^sfj plates. 

** Ho such compendium of geological knowledge has ever been brought together before."— 
Westminster Review. 

" If Prof. Skblry's volume was remarkable for its originality and the breadth of its views, 
Mr. Ethbridge fully justifies the assertion made in his preface that his book differs in con- 
struction and detail from any known manual, . . Must take high rank among works 

••OF REFERENCE. "—AthetUBttm. 



Sixth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth, ios. 6d. 

AIDS IN 

PRACTICAL GEOLOGY; 

WITH A SECTION ON PALEONTOLOGY. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

GENERAL CONTENTS.— 
PART I. — Sampling of the Earth's Crust. 
PART II. — Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 
" Deserving of the highest praise. Here indeed are ' Aids ' innumerable and 
invaluable. All the directions are given with the utmost clearness and precision. 1 ' — 
. Atkeneeum. 

"That the work deserves its title, that it is full of 'Aids/ and in the highest degree 
PRACTICAL,' will be the verdict of all who use it." — Nature. 



OPEN-AIR STUDIES INT GEOLOGY: 
An Introduction to Geology Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 



In Crown %vo. Handsome Cloth. 2s. 6d. 
RESEARCHES ON THE PAST AND PRESENT HISTORY 

of 

THE EARTH'S ATMOSPHERE. 

Including the latest Discoveries and their Practical Applications. 

By DR. THOMAS LAMB PHIPSON. 

Part I. — The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices; Index. 

" The book should prove of interest to general readers, as well as to meteorologists and 
other students of science." — Nature. 
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GRIFFIN'S "NEW LAND" SERIES. 

Practical Hand-Books for the Use of Prospectors, Explorers, 

Settlers, Colonists, and all Interested in the opening 

up and Development of New Lands. 

Edited by GRENVILLE A. J. COLE, M.R.I.A., E.G.S., 

Professor of Geology in the Koyal College of Science for Ireland, and Examiner in 

the University of London. 



In Grown 8vo. Handsome Cioth. 5s. 
With Numerous Maps Specially Drawn and Executed for this Work. 

NEW LANDS: 

THEIR RESOURCES AND PROSPECTIVE 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.S.E., 

11 A want admirably supplied. . . Has the advantage of beiug written by a pro- 
fessed Geographer."— Geographical Journal, 



With many Engravings and Photographs. Handsome Cloth, 4s. 6d. 

[FOOD SUPPLY. 

By ROBERT BRTJOE, 

Agricultural Superintendent to the Royal Dublin Society. 

With Appendix on Preserved Poods by C, A. Mitchell, B.A., F.I.C. 

" The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
farming in ail its branches."— Journal of the Royal Colonial Inst. 



Fifth Edition. With Illustrations. Handsome Cloth, 5s. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Development of New Lands. 

By S. HERBERT COX, Assoo.R.S.M., M.Inst.M.M., P.G.S., 
Professor of Mining at the Eoyal School ot Mines. 

General Contents. — Introduction and Hints on Geology — The Determina- 
>tion of Minerals : Use of the Blow-pipe, &c. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 
graphic Stone, Quartz and Opal, &c. , &c. —Precious Stones and Gems — Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes — Irregular Deposits — 
Dynamics of Lodes : Faults, &c. — Alluvial Deposits — Noble Metals : Gold, 
Platinum, Silver, &c— Lead— Mercury— Copper— Tin— Zinc— Iron— Nickel, 
&c. — Sulphur, Antimony, Arsenic, &c. — Combustible Minerals — Petroleum- 
General Hints on Prospecting— Glossary— Index. 

" This admirable little work . . . written with scientific accuracy In 
«lear and lucid style. ... An important addition to technical literature . . . 
— Mining Journal. 
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SIR CLEMENT LE NEVE FOSTER, D.Sc, F.R.S. 



Sixth Edition. With Frontispiece and 716 Illustrations. Price 34s. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE. 

Revised, and brought up-to-date 
By Prof. S. H. COX, Assoc.R.S.M., 

PROFESSOR OF MINING, ROYAL COLLEGE OF SCIENCE. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Occurrence of Minerals.— Prospecting.— Boring. 
—Breaking Ground.— Supporting Excavations.— Exploitation.— Haulage or- 
Transport.— Hoisting or Winding. — Drainage. — Ventilation. — Lighting.— 
Deseent and Aseent.— Dressing— Principles orEmployment of Mining Labour. 
—Legislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.— Index 

"We have seldom had the pleasure to review a work so thorough and complete as 
the present one. Both in manner and in matter it is PAR SUPEBIOE TO ANYTHING ON 

ITS SPECIAL SUBJECT HITHEKTO PUBLISHED IK ENGLAND."— Athencewm. 

" Not only is this work the acknowledged text-book on metal muling in Great Britain, 
and the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country." — The Timet. 



In Crown 8vo. Handsome Cloth. With nearly 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price 7s. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

, An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

Late Professor of Mining at the Royal College of Science. 

General Contents. — Introduction. — Occurrence of Minerals. — Pro- 
specting- — Boring. — Breaking Ground.— Supporting Excavations. — Exploita- 
tion. — Haulage or Transport. — Hoisting or Winding.— Drainage. — Ventilation. 
— Lighting. — Descent and Ascent. — Dressing, &c. — Index. 

" A remarkably clear survey of the whole field of mining operations."— Engineer. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book." — Mining Journal. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Seueral Authors of the Nature, Significance, and Practical' 

Methods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines. 

edited by 

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

We know of nothing essential that has been omitted. The book is liberally supplied . 
with illustrations of apparatus." — Colliery Guardian. 
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WORKS ON COAL-MINING. 

Fifth Edition, Revised and Greatly Enlarged. With 4 Plates and 
690 Illustrations. Price 24s, net. 

A TEXT-BOOK OF COAL-MINING : 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sand well Park Colliery. 
General Contents. — Geology. — Search for Coal. — Breaking Ground. — 
Sinking. — Preliminary Operations. — Methods of Working. — Haulage. — 
Winding. —Pumping. — Ventilation. — Lighting. — Works at Surface. — Pre- 
paration of Coal for market. — Index. 

" Quite the best book of its kind . . as practical in aim as a book can lie The 

illustrations are excellent." — Atheiueum. 
"We cordially recommend the work." — Colliery Guardian. 
" Will soon come to be regarded as the standard work of its kind." - Birmingham Daily Gazette. 



Fourth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout Large Crown 8vo. Handsome Cloth. 12s. 6d. 

PRACTICAL COAL-MINING: 

A. MANUAL FOR MANAGERS, UNDER-MANAGERS„ 
COLLIERY ENGINEERS, AND OTHERS. 

With Worked-out Problems on Haulage, Pumping, Ventilation, the. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents. — The Sources and Nature of Coal.— The Search for Coal.— 
Sinking. — Explosives. — Mechanical Wedges. — Rock Drills and Coal-cutting 
Machines. — Coal-cutting by Machinery. — Transmission of Power. — Modes of 
Working. — Timbering Roadways. — Winding Coal. — Haulage. — Pumping. — 
Ventilation. — Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
&c. 

"An essentially practical wore, and can be confidently recommended. No department 
of Coal-Mining has been overlooked."— Engineers' Gazette. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 
With 200 Illustrations. 3s. 6d. 

ELEMENTARY COAL-MININGj 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.— Sources and Nature of Coal.— Exploration and Boring for 
Coal.— Breaking Ground.— Explosives, Blasting, &c— Sinking and Fitting 
of Shafts.— Modes of Working. —Timbering Roadways.— Winding and 
Drawing. — Haulage. — Pumping and Drainage. — Ventilation. — Cleaning and 
Sorting Coal. — Surveying, &c. 

" An abundance of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining."— Scottish Critic. 
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Thirteenth Edition, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managers of Mines and Collieries, Students 
at the Royal School of Mines, &c. 

By BENNETT H. BROUGH, Assoc.R.S.M., F.G.S., 

Formerly Instructor of Mine-Surveying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle. — Surveying with the Magnetic Needle 
in the Presence of Iron. — .Surveying with the Fixed Needle. —The German Dial. — 
The Theodolite. — Traversing Underground. — Surface Surveys with the Theodo- 
lite. — Plotting the Survey. — Calculation of Areas. — Levelling. — Connection of the 
Underground and Surface Surveys. — Measuring Distances by Telescope. —Setting- 
out. — Mine-Surveying Problems. — Mine Plans. — Application of the Magnetic 
Needle in Mining. — Photographic Surveys. — Appendices. — Index. 

" Its CLEARNHSS Of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have long ago WOH 
for it a place unique in the literature of this branch of mining engineering, and the present edition fully 
maintains the high standard of its predecessors. To the student, and to the mining engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent." — The Mining Journal. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 
A HANDBOOK ON 

THEODOLITE SURVEYING AND LEVELLING. 

For the use of Students in Land and Mine Surveying. 

By Professor JAMES PARK, F.G.S. 

Contents. — The Scope and Object of Surveying. — Land Surveying. — 
The Theodolite. — Chains and Steel Bands. — Obstacles to AUignment. — 
Meridian and Bearings. — The Theodolite Traverse. — Co-ordinates of a 
Station. — Calculation of Omitted or Connecting Line in a Traverse. — 
Calculation of Areas. — -Subdivision of Land. — Triangulation. — Determina- 
tion of True Meridian, Latitude and Time. —Levelling. — Kail way Curves. 
— Mine Surveying. — Surveying Boreholes. — Index. 

"A book which should prove as useful to the professional surveyor as to the 
tulent." — Nature. 



Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY, 

A TEXT-BOOK FOR MINING STUDENTS AND MINERS. 

By PROF. JAMES PARK, F.G.S., M.Inst.M.M., 
Professor ot Mining and Director of the Otogo University Sohool of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 
Government or New Zealand 
>.Genkiul Contents.— Introduction. -Classification ot Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.— The Dynamics uf Lodes and Beds. -Ore Deposits 
Genetically Considered— Ores aud Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Index. 

" A work which should find a place in the library of every mining engineer."— 
Mining Worl d. 
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WORKS FOR MINERS AND STUDENTS. 



Third Edition. In Crown 8vo. Handsome Cloth. With 30 New 
Illustrations. 7s. 6d. net. 

ELECTRICAL PRACTICE IN COLLIERIES. 

By Peop. T>. BURNS, M.E., M.Inst.M.E., 

Professor of Mining and Geology to the Glasgow and West of Scotland Technical College. 

Units of Measurement, Conductors, &c. — The Theory of the Dynamo.— The 
Dynamo, Details of Construction and Working.— Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous Applications of Electricity in Mines. — Coal Mines 
'Regulation Act (Electricity). — Index. 

"A clear and concise introduction to electrical practice in collieries."— Mining 
Journal. 

In Crown 8vo, Handsome Cloth. 8s. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.Inst.M.M. 

Contents. — The Principles of Mining Law. — Tbe Mining Law of Great 
Britain. — British India. — Ceylon.— Burma. — The Malay Peninsula.— British 
North Borneo. — Egypt. — Cyprus. — The Dominion of Canada. — British 
■Guiana.— The Gold Coast Colony and Ashanti. — Cape of Good Hope. — 
Natal. — Orange River Colony. — Transvaal Colony. — Rhodesia. — The 
•Commonwealth of Australia. — New Zealand, &c. — Index. 

" Cannot fail to be useful . we cordially recommend the book."— Mining World. 



Fifth Impression. In Large 8vo. Price 10s. 6d. 

MINE ACCOUNTS AND MINING BOOK-KEEPING. 

For Students, Managers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Companies. 

Br JAMES GUNSON LAWN, A.R.S.M., A.M.Inst.C.E., F.G.S., 

Head of the Mining Department, Camborne School of Mines. 

Edited by Sib C. LE NEVE FOSTER, D.Sc, F.R.S. 

"It seems impossible to suggest how Mr. Lawh's book could be made more complete or 

more valuable, careful, and exhaustive.''— Accountants' Magazine. 



Second Edition. In Pocket Size, Strongly Bound in Leather, 3s. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 
With Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tables, and Examples of Calculations, &c. 
"An admirably compiled book which Mining Engineers and Managers will find 
■EXTREMELY USEFUL."— Mining Journal. 



In Crown Svo. Handsome Cloth. Illustrated. 10s. 6d. net. 
A DICTIONARY OF 

SPANISH AND SPANISH-AMERICAN MINING, METALLURGICAL 

AND ALLIED TERMS. 

To which some Portuguese and Portuguese-American {Brazilian) Terms are added. 
By EDWARD HALSE, A.R.S.M., 

Mem. Inst. Ming, and Metall., of the Eng. Inst, of Ming, and Metall. Engrs., &c, &c. 
" Will be found of the greatest service to the mining profession."— Mining Journal. 
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' 'WORKS OH SINSIlTa, EX PLOSIVES, &c 

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. 10s. 6d. net. 

SHAFT-SINKING IN DIFFICULT CASES. 

By J. RIEMER, 
Translated by J. W. BROTJGH, A.M. Inst. C.E. 
Contents.— Shaft Sinking by Hand.— Shaft Sinking by Boring.— The 
Freezing Method.— The Sinking Drum Process. -Bibliography.— Index. 
"The translator deserves the thanks of the mining community for placing this 
valuable work before them. . . . The work is one which every mining engineer 
should include in his library."— Mmmg World. 



Second Edition, Revised. In Large 8vo, with Numerous Illustrations 
and Folding Plates. 10s. 6d. 

BLASTING : AND THE USE OF EXPLOSIVES. 

By OSOAR GTJTTMANN, M.Inst.C.E., F.I.G., F.C.S. 
Contents. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials. — Preparation 
of Blasts. — Chamber Mines. — Charging of Boreholes. — Determination of 
Charge. — Blasting in Boreholes. — Firing. — Results of Working. — Various 
Blasting Operations. — Index. 

" Should prove a vade-mecum to Mining Engineers and all engaged in practical work." 
—Iron and Coal Trades Review. 



In Medium 8vo, Cloth. With many Illustrations in the Text. 
Four Full Page Plates and Four Folding Tables. 6s. net. 

NEW METHODS OP 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated and Edited by ALEX. LARSEN, M.Inst.C.E. 
Contents. — Introductory. — Historical. — Testing Stations. — Power 
Gauges. — Products of Combustion. — - Rate of Detonation. — Length and 
Duration of Flame. — After-Flame Ratio. — Transmission of Explosion. — 
Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of five times its size."— A.rmi and Explosives. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 
A MANUAL ON 

ELECTRICAL SIGNALLING IN MINES. 

By GERALD J. HOOGHWINKEL, M.Inst.E.E., M.I.Min.E. 

Contents Section I.— Electrlo Haulage Signals— (a) Acoustic Signals.— (6) Optical 

Signals.— <o) Acoustic Optical Signals.— Current Supply.— Batteries.— Accumulators.— 
Main Supply.— Design and Construction Of Signalling Installations.— Maintenance of 
Signalling Installations. Suction II.— Klectrio Shaft Signals— (a) Acoustic Signals.— <&) 
Eleotro-Mochanlcal Signals.— (o) Optical Acoustic Signals.— Signals for Winding Minerals. 
—For Winding Men.— Signalling from the Cage. — Emergency Signals. — Bells.— Mine 
Telegraphs.— Mine Telephones. Sbotion III.— Speoial Applications in Mines. 
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Second Edition, Revised Throughout. In Medium 8vo. With 
Numerous Plates, Maps, and Illustrations. 21s. net. 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 

Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and Metallurgical Engineer ; Specialist in Gold : Late Technical Adviser of the 
Deutsche Gold und Silber Scheide Anstalt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.I.O.E., 

Civil and Metallurgical Engineer. 

" A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the process."— Mining Journal. 

"The authors are to be congratulated upon the production of what should prove to be 
a standard work."— Page's Magazine. 



In Large Crown 8vo. With 13 Plates and many Illustrations in the Text. 
Handsome Cloth. Is. 6d. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Booh for the Use of Metallurgists and Students at 
Schools of Mines, &c. 

By JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 

Thames School of Mines, and Geological Surveyor and Mining Geologist 

to the Government of New Zealand. 

Fourth English Edition. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 
"Deserves to be ranked as amongst the BEST OF EXISTING TREATISES."— Mining Journal. 



Third Edition, Revised. With Plates and Illustrations. Cloth, 3s. 6d. 

GETTING GOL D; 

A aOLD-MINING HANDBOOK FOR PRACTICAL MEN. 

By J. 0. E. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Association. 
General Contents. — Introductory : Prospecting (Alluvial and General)— 
Lode or Reef Prospecting— Genesiology of Gold— Auriferous Lodes— Drifts- 
Gold Extraction— Lixiviation— Calcination— Motor Power and its Transmission 
—Company Formation — Mining Appliances and Methods — Australasian 
Mining Regulations. 

" PRACTICAL from beginning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— Brit Australasian. 

In Crown 8vo. Illustrated. Fancy Cloth Boards. 4s. 3d. 

GOLD SEEKING IN SOOTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospectors. 

and Settlers. 

By THEO KASSNER, 

Mine Manager, Author of the Geological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Africa. 

« As fa scinating as anything ever penned by Jules Verne." -African Commerce. 
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Large 8vo. Handsome Cloth. With Illustrations. 
12s. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THREE YEARS' COURSE! 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. A. MACLEOD, B.A., B.Sc., A.O.S.M. (N.Z.), 

Formerly Asslsb.-Dlrector, Thames School of Mines IN.Z.), and Lecturer in Chemistry, University 
of Tasmania ; Director of Queensland Government School of Mines, Charters Towers : 

And CHAS. WALKER, F.C.S., 

nonstrator in Chemistry, Sydney University ; 1 
and Metallurgy, Charters Towers School of Mines 

Part I. —Qualitative Analysis and Preparation and Properties of Gases. 

Part II Qualitative and Quantitative Analysis. Part III. — Assaying, 

Technical Analysis (Gas, Water, Fuels, Oils, &c). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying in Australia rests in competent hands." — Mature. 



Formerly Asslst.-Demonstrator in Chemistry, Sydney University ; Lecturer in Chemistry 

-' fMir 



In Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 7s. 6d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.I.C. 

Contents. — Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels. — Preparation of Specimens. — Polishing. 
— Constituents of Steel ; Ferrite ; Cementite ; Pearlite ; Sorbite ; Martensite ; 
Hardenite; Troostite; Austenite. — Identification of Constituents. — Detailed 
Examination of Carbon Steels. — Conclusions, Theoretical and Practical. — 
Apparatus employed.— Appendix. 

" There has been no work previously published in English calculated to be so useful to 
the student in metallographic research." — Iron and Steel Trades' Journal. 



In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s.net. 
A HANDBOOK ON 

METALLIC ALLOYS: 

Their Structure and Constitution. 
By GILBERT H. GULLIVER, B.Sc, F.R.S.E. 

Contents.— Methods of Investigation.— Solution Theory, and the Chemical Equili- 
brium of Mixed SubBtances.— Binary Alloys in which no Definite Chemical Compounds 
are Formed.— Binary Alloys which Show Evidence of the Formation of Definite Chemical 
Compounds.— Equilibrium Conditions in Metallic Mixtures.— The Bronzes, Brasses and 
the Steels.— Alloys of more than two Metals.— Bibliography.— Index. 

" Probably the clearest and best exposition of the portion of the field with which the 
author treats which has hitherto appeared iu the English language."— Engineer. 

Third Edition. With Folding Plates and Many Illustrations. 36s. 
ELEMENTS OF 

METALLURGY. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 
FROM THEIR ORES. 
By J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S.. &c 
And H. BAUERMAN, V.P.G.S. 

LONDON: CHARLES GRIFFIN <ft CO.. LIMiTFn fyctcd o-mm- — 



METALLURGICAL WORKS. 61 

Second Edition, Revised, Enlarged, and Re-set Throughout on Larger Page. 

With Valuable Bibliography,. New Maps, Illustrations, dbc. 45s. net. 

IN TWO VOIiUHES. 

A TREATISE ON 

PETROLEUM. 

By SIR BOVERTOJST REDWOOD, 
D.Sc. F.H.S.E., Assoc.Inst.O.E., F.I.O. 
Contents.— Section I. : Historical Account of the Petroleum Industry.— Section II. : 
Geological and Geographical Distribution of Petroleum and Natural Gas. — Section III. : 
The Chemical and Physical Properties of Petroleum and Natural Gas.— SECTION IV. : 
The Origin of Petroleum and Natural Gas.— SECTION V.: The Production of Petroleum, 
Natural Gas, and Ozokerite.— Seotion VI. : The Refining of Petroleum.— SECTION VII. : 
The Shale Oil and Allied Industries.— Section VIII. : The Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt. — Section X. : The Uses of Petroleum and 
its Products. — Section XI. : Statutory, Municipal, and other Regulations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products. — Appendices. 

— BIBHOSRAPHT.— INDEX. 

"It is indisputably the most comprehensive and complete treatise on petroleum, and this 
statement is true, no matter on what branch of the industry a test of its merits is made. It is 
the only book in existence which gives the oil man a clear and reliable outline of the growth and 
present-day condition of the entire petroleum world. . . There is a wonderfully complete 
collection of plates and illustrations. —Petroleum World. 



Second Edition, Revised. With Illustrations. Price 8s. 6d. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged in the Storage, Transport, Distribution, and Industrial 

Use of Petroleum and Its Products, and of Calcium Carbide. With 

suggestions on the Construction and Use of Mineral Oil Lamps. 

By CAPTAIN J. H. THOMSON, 

H.M. Chief Inspector of Explosives, 

And SIR BOVERTON REDWOOD, 

Author of " A Treatise on Petroleum." 
" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . Reliable, indispensable, a brilliant contribution."— 
Petroleum. 

In Crown 8vo. Fully Illustrated. 2s. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTINC. 

By J. A. HICKS, 

Chemist to Sir Boverton Redwood. 

Should be on the shelves of every analytical chemist in practice. "—Chemical Trade Journal., 

In Large Crown 8vo, Cloth. Fully Illustrated 5s. net. 

OIL FUEL: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 
By SIDNEY H. NORTH, 

LATE EDITOR OF THE ".PETROLEUM KEVIEW." 

Contents.— The Sources of Supply. — Economic Aspect of liquid Fuel.— Chemical 
Composition of Fuel Oils. — Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modern Burners and Methods.— Oil Fuel for Marine Pur- 
poses. — For Naval Purposes. — On Locomotives. — For Metallurgical and other Purposes. 
—Appendices.— Index. 

" Everyone interested in this important question will welcome Mr. North's excellent 
text-book." — Nature. __ 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Bovekton Redwood. Illustrated. 1 s. net. 
" A work which will meet every purpose for which it has been written."— Petroleum. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND 
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(SrifKtt's llteialkrgkal Stm*. 
STANDARD WORKS OF REFERENCE 

FOR 

Metallurgists, Mine-Owners, Assayers, Manufacturers, 

and all interested in the development of 

the Metallurgical Industries. 

EDITED BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In Large Svo, Handsome Cloth. With Illustrations. 



INTRODUCTION to the STUDY of METALLURGY. 

By the Editor. Sixth Edition. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Rose, 
D.Sc, Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

LEAD (The Metallurgy of). By H. ¥ Collins, Assoc. 
R.S.M., M.Inst.M.M. Second Edition. (See p. 64.) 

SILVER (The Metallurgy of). By H. F. Collins, A.R.S.M., 

M.Inst.M.M. Second Edition. (See p. 64.) 

IRON (The Metallurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. 16s.net. (See p. 65.) 

STEEL (The Metallurgy of). By F. W. Harbord, 

Assoc.R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M. Inst. C.E. Third Edition. 25s. net. (See 
P- 65.) 

ALLOYS. By Edward F. Law, AssocR.S.M. With Frontis- 
piece in Colours, and Fine Series of Micro-photographs. 12s. 6d. net. 
(See p. 64). 

ANTIMONY. By C. Y. Wang,* M. A., B.Sc. Fully Illustrated. 
12s. 6d. net. (See p. 65). 



Will be Published at Short fHttrz'als. 

METALLURGICAL MACHINERY : the Application of 

Engineering to Metallurgical Problems. By H enry Charles J enkins, 
Wh.Sc, Assoc.R.S.M. 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 

R.S.M. 

* # * Other Volumes in Preparation. 
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GRIFFIN'S METALLURGICAL SERIES. 



Sixth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of Steel. 

An Introduction to the Study of 

METALLTJIiaY. 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of the Royal Mint, and Professor of Metallurgy 
in the Royal College of Science. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C. 

General Contents. — The Relation of Metallurgy to Chemistry. — Physical Properties 
of Metals.— Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Products of Metallurgical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces. — Thermo- Chemistry. — Typical Metallurgical Processes. — The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modern views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to trie student, but also to those whose 
knowledge of the art is far advanced." — Chemical News. 



Fifth Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 21s. 

THE METALLURGY OF GOLD. 



T. KIRKE ROSE, D.Sc.Lond, Assoc.R.S.M., 

Chemist and Assayer oj the Royal Mint. 

General Contents.— The Properties of Gold and its Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits. — Deep Placer Deposits.— Quartz Crushing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery. — Other Forms of Crushing and Amalgamating Machinery. 
— Concentration in Gold Mills. — Dry Crushing. — Re-grinding.— Roasting. — Chlorination : 
The Plattner Process, The Barrel Process, The Vat-Solution Process.— The Cyanide 
Process. — Chemistry of the Cyanide Process.— Refining and Parting of Gold Bullion. 
— Assay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.— Biblio- 
graphy. — I ndex. 

'* A compeehensive practical treatise on this important subject."— The Times. 

"The most complete dencription of the chloiunation process which has yet been pub- 
lished."— Mining Journal. 

"Adapted for all who are interested in the Gold Mining Industry, being free from tech- 
nicalities as far as possible, but is more particularly of value to those engaged in the 
Industry."-— Cape Times. 
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GRIFFIN'S METALLURGICAL SERIES. 

Edited by SIR W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With Illustrations. 

Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, Assoc.E.S.M., M.Inst.M.M. 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. 

"A thoroughly sound and useful digest. May with every confidence be- 
recommended." — Mining Journal. 



Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. 

"The author has focussed A larse amount op valcablk information into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and "well." — Mining Journal. 



Just Published. Frontispiece in Colours, and Beautiful Series of 
Photo-micrographs. 12s. 6d. net. 

.a. Hi Xj o izr s 

AND THEIR INDUSTRIAL APPLICATIONS. 
By EDWARD F. LAW, A.R.S.M. 

Contents. — Introduction. — Properties of Alloys. — Methods of Investigation. — 
Constitution.— Influenoe of Temperature on Properties.— Corrosion of Alloys.— Copper 
Alloys, Brass, Bronzes. — Special Brasses and Bronzes.— German Silver and Miscellaneous 
Copper Alloys.— White Motal Alloys.— Anti-Friction Alloys.— Aluminium Alloys.— 
Silver and Gold Alloys.— Iron Alloys.— Miscellaneous Alloys (Amalgams, &c.).— Index. 

"Concise and practical ... a valuable amount of information that will be 
appi'oclatecl by student and manufacturer alike." — Foundry Trades' Journal. 
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GRIFFIN'S METALLURGICAL SERIES. 



Third Edition, Revised. With Numerous Illustrations. Large 8vo. 
Handsome Cloth. 25s. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THE MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst. C.E. 

Abridged Contents. — The Plant, Machinery, Methods and Chemistry of the Bessemer 
and of tne Open Hearth Processes (Acid and Basic).— The Hecnanicul Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Influence of Metalloids, Meat 
Treatment, Special Steels, Microstracture, Testing, and Specifications. 

The -Engineer aays, at the conclusion of a review of this book:— "We cannoj^conclude without- 
earnestly recommending all who may be interested as makers or users of steel, which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 
as possible, and this may he the more easily done as the published price, considering the size- 
of the book, is extremely moderate." 



Third Edition", Revised and Enlarged. With many new Plates. 

16s. net. 

THE METALLURGY OF IRON. 

By THOMAS TURNER, Assoc.RS.M., F.I.C, 

Professor of Metallurgy in the University of Birmingham. 
General Contents.— Early History of Iron.— Modern HiBtory of Iron.— The Age of Steel. 
—Chief Iron Ores. — Preparation of Iron Ores. —The Blast Furnace.— The Air used in the 
Blast Furnace. — Reactions of the Blast Furnace. — The Gaseous Products of the Blast 
Furnace — The Fuel used in the Blast Furnace.- Slags and Fuxes of Iron Smelting.— 
Properties of Oast Iron. — Foundry Practice. — Wrought Iron. — Indirect Production of 
Wrought Iron. — The Puddling Process.— Further Treatment of Wrought Iron. — Corrosion 
of Iron and Steel. 

" A thoroughly USEFUL book, which brings the subject up to date. Of 
orkat value to those eDgaged in the iron industry." — Mining Journal. 



' For Professor Turner's Lectures on Iron- Founding, see page 68. 



Just Published. In Large 8vo. Handsome Cloth. Fully Illustrated. 

12s. 6d. net. 

ANTIMONY: 

Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and 
Preparation, Analysis, Production and Valuation. 
By C. Y. WANG, M.A., B.Sc, 
Mem. Am. Inst. Mining Eng. ; Mem. Iron and Steel Institute ; Mining Engineer to 
the Chung Lou General Mining Company ; Geologist for the 
Hunan Province, China, <fcc, &c. 
" A book which stands alone, inasmuch as there is not, to our knowledge, any other- 
complete treatise on antimony among all the English text-books."— iron and Coal 
T rades' Review. 
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Tenth Edition. <Vith Tables and Illustrations. Cloth, ios. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Assayers, &c. 
By J. J. BERINGER, F.I.C.. F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Cornwall. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

Ghnekal Contents. — Part I. — Introductory ; Manipulation : Sampling ; 
Drying ; Calculation of Results— Laboratory-books and Reports. Mbthods : Dry Gravi- 
metric; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometric— 
Weighing and Measuring — Reagents — Formulae, Equations, &c.~ Specific Gravity. 

Part II. — Metals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismuth, Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, &c— Earths, Alkalies. 

Part III.— Non-Metals : Oxygen and Oxides ; The Halogens— Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boron — Useful Tables. 

"A really meritorious work, that may be safely depended upon either for systematic 
instruction or for reference." — Nature. 

"This work is one of the best of its kind. "— Engineer. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 3s. net. 
AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By PROF. THOMAS TURNER, A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birmingham. 
Contents.— Introduction.— Sampling and Weighing.— Metals and Alloys.— Oxidation 
and Reduction. — Examination of Fire Clay. — Slags and Fluxes. — Examination of Fuel.— 
Iron Ores. — Determination of Muffle Temperatures. — Silver and Silver Assay. — Assay of 
Silver Bullion.— Assay of Silver Ores.— Gold Assay.— Assay of Gold Ores.— Properties 
of Mercury. — Micro-Structure of Metals. — Iron and Steel. — Electro-Deposition.— 
Appendix. —Index . 

"It is an excellent and handy book for its purpose, and will have a far wider range 
of usefulness than for class work alone." — Practical Engineer. 



Fourth Edition, Revised. With Numerous Illustrations. 6s. 
A TEXT-BOOK OP 

ELEMENTARY METALLURGY. 

Including the Author's Practical Laboratory Course. 
By A. HUMBOLDT SEXTON, F.I.C., F.O.S., 

Professor of Metallurgy in the Olasgow and West ot Scotland Technical College, 

General Contents.— Introduction. — Properties of the Metals.— Combustion.— Fuels. 
— Refractory Materials. — Furnaces.— Occurrence of the Metals in Nature. — Preparation 
of the Ore for the Smelter.— Metallurgical Processes.— Iron.— Steel.— Copper.— Lead.— 
'Arte and Tin.— Silver. — Gold. — Mercury.— Alloys.— Applications of Electricity to 
Metallurgy.— Laboratory Couhsk. 

" Just tno kind of work for Students communcing the atndy of Metallurgy, or for Engihbbbing 
Students."— 1'ractlml Knijincvr. 
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In Large 8vo. Handsome Cloth. Price 4a. 

QUANTITATIVE METALLURGICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.C.l. 

" The Author may be congratulated on the way his work has been carried out.' 

The Engineer, 



In Crown 8vo. Handsome Cloth. 

BLAST FURNACE PRACTICE. 

By J. JAMES MORGAN, F.O.S., M.S.C.L, 
Author of "Quantitative Metallurgical Tables," &c. 

Contents.— Requirements. —Iron Ores.— Fuel.— Flux.— Slags.— Quantity! of JlSlag.— 
Burden, Charge, Round. — The Blast. — Ore Mixing. — Amount and Composition of the 
Iron. — Calculation of Flux.— Heating the Blast; Stoves— Drying, Changing, and 
Cleaning. — Drying the Furnace. — Filling the Furnace, and Lighting. — Charging the 
Furnace. — Descent of the Charge. — Flushing.— Tapping.— Hard Tapping Hole.— Running 
down the Beds (Casting).— Judging the Temperature.— Controlling the Temperature.— 
Temperature and the Reduction of Silicon. — The Pig Iron. — Fuel Consumption. — 
Economy in Fuel Consumption.— Tuyeres : Leaky, Changing.— Cooler or "Jumbo." — 
Obstructions.— Pillaring.— Breakouts.— Hot Spots.— Scaffolds (Hanging).— Slips.— Damp- 
ing Down.— Blowing Out.— Index. 



Third Edition, Revised, Enlarged, and Re-written. 
A TREATISE ON 

ELECTRO -METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing. 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Surfaces and Art- Work, &c. 
BY 
WALTER G. M°MILLAN, F.I.C., F.C.S., 

Late Lecturer in Metallurgy at Mason College, Birmingham. 

Thoroughly Revised by W. R. COOPER. 

" Excellent, . . . one of the best and most complete manuals hitherto published 
on Electro-Metallurgy." — Electrical Review (on the Second Edition). 



Second Edition, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding-Plates. 21s. net. 

ELECTRIC SIELTIM & EBPIHTO: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the' " Elektro-MetalL0roie " of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M°MILLAN, 

F.I.C., F.C.S. 
" COMPREHENSIVE and AUTHORITATIVE . . . not only PULL of VALUABLE INFOR- 
MATION, but gives evidence of a thorough insight into the technical VALUE and 
possibilities of all the methods discussed." — The Electrician. 
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In Medium 8vo. Handsome Cloth. Fully Illustrated. IBs. net. 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron, Steel and Brass Founders, 

Metallurgists, and Students of Metallurgy. 

Br A. M°WILLIAM, A.R.S.M., and PERCY LONGMUIR. 

Contents.— Introduction.— General Properties of Matter.— Moulding Sands.— Facing 
Sands and Facings. — Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.— Cores.— Elementary Aspects of Moulding.— Green 
Sand Moulding.— Securing Cores in Moulds.— Moulding from Guides.— Bench, Oddeide, 
and Plate Moulding. — Machine Moulding.— Dry Sand Moulding. — Loam Moulding.— 
Chill Casting.— Casting on other Metals.— Burning.— Weighting and Binding Materials. 
—Shrinkage, Contraction, and Warping.— Dressing Castings.— Common Faults due to 
Mould and Pattern.— Malleable or Wrought Iron, Steel and Malleable Cast Iron.— Cast 
Iron. — Refractory Materials.— Fuels and Furnaces.— Mixing by Analysis. — Remelting.— 
Working the Cupola. — Further Treatment of Cast Iron. — High Temperature Measure, 
ment. — Steel. — Notes on Metals other than Iron. — Alloys.— Mechanical Testing.— 
Micrographic Analysis.— Common Faults.— Foundry Management. — Index. 

" The student of foundry work . . . needs no other text-book. . . . The book 
■ contains a tremendous amount of information, and is well written." — Engineering Times. 



Mxtra Crown Svo. With 48 Illustrations. 3a. 6d. net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURlNTER, M.Sc, A.R.S.M., F.I.C., 

Professor of Metallurgy in the University of Birminghan.. 

CONTENTS.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction.— Iron Ores. —Composition.— The Blast Furnace.— Materials.— Reactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement. — Re-melting 
Cast Iron. — The Cupola. — Fuel Used. — Changes due to Re-melting. — Moulds and 
Moulding. — Foundry Ladles. — Pouring and Pouring Temperature. —Common Troubles.— 
Influence of Shape and Size on Strength of Castings. — Tests. 

" Ironfounders will And much information in the book."— Iron Trade Circular 

ylani's).^ 

In Large ito. Library Style. Beautifully Illustrated with SO Plates, many 
in Colours, and 94 Figures in the Text. £2, 2s. net. 

PRECIOUS STONES: 

Their Properties, Occurrences, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 

Collectors and others interested in Gems. 

By Dr. MAX BAUER, of the University of Marburg. 

Translated by L. J. SPENCER, M.A. (Cantab.), F.G.S. 
" The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a jewellers' 
window."— AthencKum. 



Second Edition, Revised. In Large Crown 8vo. With Numerous 
Illustrations. 8s. 6d, 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 

Manufacture of Personal Ornaments. 

By THOS. B. "WTGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc Teoh. School, Birmingham. 

Assisted hy J. H. STANSBIE, B.So. (Lond.), F.I.O., 

Lecturer at the Birmingham Munlolpal Technical School. 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 
A SHORT MANUAL OP 

INORGANIC CHEMISTRY. 

By A. DUPRE, Ph.D., F.R.S., 
And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Or the Westminster Hospital Medical School. 

"An example of thb advantages op the Systematic Trkatmbnt of a Science 
over the fragmentary style so generally followed. By A long way the best of the small 
Manuals for Students."— Analyst. 



In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net,. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., F.I.C. 

WITH A PREFACE BT 

Sie WILLIAM RAMSAY, K.C.B., F.R.S. 

Contents. — The Beaker and its Technical Equivalents. — Distilling Flasks, Liebig's 
Condensers. — Fractionating Tubes and their Technical Equivalents. — The Air-Bath and 
its Technical Equivalents. — The Blowpipe and Crucible and their Technical Equivalents. 
— The Steam Boiler and other Sources of Power. — General Remarks on the Application 
of Heat in Chemical Engineering.— The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents. — Measuring Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Application- 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 
—Index. 

" Excellent. . . . Every student of chemistry attending a technical course should 
obtain a copy. ' — Chemical News. 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON. 

Professor of Metallurgy in the GHaagow and West of Scotland Technical Oolleir** 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THE USE OF STUDENTS. 

With Illustrations. Fifth Edition. Crown Svo, Cloth, 3a. 

" A compact laboratory guide for beginners was wanted, and the want has 
been well supplied. ... A good and useful book." — Lancet. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THE USE OF STUDENTS. 

With Illustrations. Fourth Edition, Revised. Crown 8vo, Cloth, 3s. 6d. 

" The work of a thoroughly praotioal chemist." — British Medical Journal. 
" Compiled with great care, and will supply a want." — Journal of Education. 



ELEMENTARY METALLURGY: 

Inoluding the Author's Praotioal Laboratory Course 



[See p. 66. 
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In Two Vols., Large 8vo. With Illustrations. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C., & A. G. BLOXAM, F.I.O. 

VOLUME I.— Chemistry of Engineering, Building, and Metallurgy.— General 
Contents.— Introduction.— Chemistry of the Chief Materials of Construction.— 
Sources of Euergy. — Chemistry of Steam-raising. — Chemistry of Lubrication and 
Lubricants. — Metallurgical Processes used iu the Winning and Manufacture of 
Metals. Price 10s. 6d. 

VOLUME II.— The Chemistry of Manufacturing Processes.— Geittral Contents.— 
Sulphuric Acid Manufacture. — Alkali, &c. — Destructive Distillation. — Artificial 
Manure. — Petroleum. — Lime and Cement — Clay and Glass. — Sugar and Starch. — 
Brewing and Distilling. — Oils, Resins, and Varnishes. — Soap and Candles. — Textiles 
and Bleaching.— Colouring Matters, Dyeing and Printing.— Paper and Pasteboard. — 
Pigments and Paints. — Leather, Glue, and Size. — Explosives and Matches. — Minor 
Manufactures. Second Edition, Thoroughly Revised. Illustrated. 16s. 



Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. ALDER WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St. Marv's Hospital Medical School; Examiner 
in *■* Soap " to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

"Will be found absolutely indispensable.' — Tke Analyst. 

"Will rank as the Standard English Authority on Oils and Fats for many 
/ears to come." — Industries and Iron. 



In Two Volumes, Half Morocco, each complete in itself. 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical Manufacturers and 
Scientific Chemists. 

Volume I.— Chemical Engineering, Physical Chemistry. 24s. net. 
Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

[Shortly. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The Work comprehends as far as possible all rules and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufacturer, &c, &c. ; and also the prin- 
cipal data in Thermo-Chemistry, Electro-Chemistry, and the various branches ol 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 
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Sixth Edition, Thoroughly Revised. Fully Illustrated. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 



By A. WYNTER BLYTH, M.E.C.S., F.I.O., F.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc, F.C.S. 



General Contents.— History of Adulteration.— Legislation.— Apparatus.— "Ash."— 
Sugar. — Confectionery. — Honey. — Treacle.— Jams and Preserved Fruits. — Starches.— 
Wheaten-Flour.— Bread.— Oats. — Barley. — Rye. — Bice. — Maize. — Millet.— Potatoes.— 
Peas.— Lentils*— Beans— Milk.— Cream.— Butter.— Oleo-Margarine.— Cheese.— Lard.— 
Tea.— Coffee.— Cocoa and Chocolate. —Alcohol. —Brandy. —Bum. —Whisky.— Gin.— 
Arrack.— Liqueurs.— Absinthe.— Yeast. — Beer. — Wine. — Vinegar. — Lemon and Lime 
Juice. — Mustard. — Pepper. — Sweet and Bitter Almonds. — Annatto. — Oilve Oil. — Water 
Analysis.— Appendix : Adulteration Acts, &c. 

" A new edition of Mr. Wynter Blyth's Standard work, enhicbed with all the kbcbvt 
discoveries and improvements, will be accepted as a boon." — Chemical Neat. 



Foubth Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By A. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Public Analyst for the County of Devon, and 
Medical Officer of Health for St. Marylebone. 

General Contents.— I.— Historical Introduction. II.— Classification — Statistics- 
Connection between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procedure— The Spectroscope — Examination of Blood and Blood Stains. 
III. — Poisonous Gases. IV. — Acids and Alkalies. V.— More or less Volatile Poisonous 
SubstanceB. VI. — Alkaloids and Poisonous Vegetable Principles. VTI. — Poisons derived 
from Living or Dead Animal Substances. VIII. — The Oxalic Acid Group. IX.— 
Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 

" Undoubtedly the most complbtb woke on Toxicology in our language. "—Tkt Analyst. 
" Ab a practical quids, we know no better work."— The Lancet (on the Third EdUtonj 



Crown 8vo, Handsome Cloth. Fully Illustrated. ios. 6d 

FLESH FOODS: 

With Methods for their Chemical. Microscopical, and Bacterio- 
logical Examination. 

A Practical Handbook for Medical Men, Analysts, Inspectors and others. 
By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

" A compilation which will be most useful for the class for whom it is Intended."— AtJunteum, 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOR DAIRY MANAGERS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. DROOP RICHMOND, F.I.C., 

CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Contents. — I. Introductory. — The Constituents of Milk. II. The Analysis ol 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices. — Tables. — Index. 

" . . . In our opinion the book is the best contribution on the subject that 
has yet appeared in the English language."— Lancet (on the First Edition). 



Fully Illustrated. With Photographs of Various Breeds of Cattle, &c. 

nfi / npf 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diseases of Cattle, and on the 
Hygiene and Control of Supplies. 

By EDWARD F. WILLOTJGHBY, 

M.D. (Lond.), D.P.H. (Lond. and Camb.). 

"We cordially recommend it to everyone who has anything at all to do with milk." — 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net. 

THE LABORATORY BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written." — Medical Times. 

In Large Crown 8vo. Cloth. Fully Illustrated. 4s. 6d. net. 

ELEMENTARY AGRICULTURAL CHEMISTRY. 

By HERBERT INGLE, B.Sc, F.I.C., F.C.S. 

Contents. — Introduction. — The Atmosphere.— The Soil. — Natural Waters. — Th 
Kant. — Manures.— Crops.— The Animal. — Foods and Feeding.— The Dairy.— Misce 
laneous. — Index. 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 

SOIL BACTERIA. 

By JAMES CLARK, M.A., D.Sc, A.R.O.S., 

Principal ol the Academy, Kilmarnock. 
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Third Edition. In Handsome Cloth. Fully Illustrated. 21s. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Revised by ARTHUR R. LING, F.I.C., F.O.8., 

Editor of the Journal of the Institute of Brewing. 

Contents. — Physical Principles Involved. — The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting. — 
Arraugement of Brewery Plant. — Quantities of Materials.— Fermentation. — Antiseptics. 
— Finings. — Characteristics of Beer.— Diseases of Beer. — Index. 

" A thorough and comprehensive text-book . . . up-to-date ... a standard 
text-book."— Brewers' Journal. 

In Large 8vo. Complete in Two Volumes. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufactures. 
By Dr. FRANZ LAFAR, 

Prof, of Fermentation-Physiology and Bacteriology in the Technical High School. Vienna. 
TRANSLATED BY CHARLES T. C. SALTER. 

Vol. I.-SCHIZOMYOBTIC FERMENTATION. 
VOL II.-EUMYCETIO FERMENTATION. 

Note.— Part I. of Vol. II. was issued separately at 7s. 6d. Copies of Part II., 
Vol. II., have, therefore, been bound up to enable those possessing Part L to complete 
their copies. 

"The first work of the kind which can lay claim to completeness in the treatment of 
a fascinating subject. The plan is admirable, the classification simple, the style is good, 
and the tendency of the whole volume is to convey sure information to the reader."— 
Lancet. 



Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 
"For wealth of detail, we have no small work on Toxines which equals the one 
under review." — Medical Times 



In Crown 8vo, Handsome Cloth. Price 7b. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Physics of Fermentative Changes 

By OARL OPPENHEIMER, Ph.D., M.D. 

Translated by C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

Abbidqhd Contents.— Introduction.— Definition.— Chemical Nature of Ferments.— 

Influence of External Faotors.— Mode of Aotion.— Physiological Action.— Seoretion.— 

Importance of Ferments to Vital Aotion.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 

1 and Hemolytic Ferments.— Vegetable Ferments.— Coagulating Ferments Saccharifying 

Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Oluoosldes.— Hydrolytio Ferments.— Laotio Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Aloohollo Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography.— Index. 
" Suoh a veritable multum in parvo has never yet appeared." — Brewers' Journal. 
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 6s. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING And FREDERICK T. GISSING. 

Gbkehal Contents.— Introduction.— The Formation of Peat.— Area and Depth of Bops in 
Principal Countries.— Manufacture of Peat Fuel, Ac— Cut Peat, Dredged Peat, and Manufactured 
Peat.— Machinery employed in the Manufacture of Peat Fuel.— Peat Moss Litter, and the Machinery 
employed in its Manufacture.— Peat Charcoal and its Manufacture —Cost of making Peat Fuel and 
Charcoal.— Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, &c. 
—Bibliography.— Index. 
"The treatment throughout is clear and interesting . . excellent plates,"— Engineering. 



Companion Volume to the above. In Crown 8vo. Handsome Cloth. Fully Illustrated. 

COMMERCIAL PEATi 

Its Uses and Its Possibilities. 

By P. T. GISS1NG, 
Joint Author with P. E. Bjoeling of "Peat: Its Use and Manufacture." 



Second Edition, Revised. In Medium 8vo, Cloth. Illustrated. 
12s. 6d. net. 

PAPER TECHNOLOGY; 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF < 

PAPERMAKING FIBRES. ., > 

With Selected Tables fop Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 
Exceedingly instructive and particularly useful."— Pafer Makers MantHtji Journal. 



In Crown 8vo. Handsome Cloth. With 30 Illustrations. 6s. net: 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Methods employed in BriekmaMng anqyPottery. 
By THE AUTHOR OP "THE CHEMISTRY OF CLAY WORKING," &<].. 

Gekebal Contents.— Materials used in Clayworking ; Clays, Engobes, Glazes, Colours, 
Water, Fuel, Oils, and Luimcants.— The Preparation of the Clay, Mining and Quarrying, 
Weathering, Washing, Grinding. Tempering, and Pugging. -Machinery; Boilers, Engines, General 
Machinery, fieves, Milting Machinery, Presses, 6c— Dryers and Drying.-Engfcbmg and Glazing. 
—Setting or Charging, Transport.— Kilns.-Firing.— Discharging, Sorting, and Packing. -Defects 
and WaBte.— Tests, Analysis and Control.— Bibiio ;raphy.— Tables.- Ikbex. 

"We can thoroughly recommend this handy little book to all our readers."— Brie* and 
Pottery Trades' Journal. 

In Imperial 8vo. Strongly and Elegantly Bound. 
With over 1,0110 Pages. 

CERAMIC LITERATURE. 

Compiled, Classified, and Described by M. L. SOLON, 
President of the English Ceramic Society. 
An Analytical Index to the Works Published in all Languages on the History and 
the Technology of the Ceramic Art ; also to the Catalogues ot Public Museums, Private 
Collections, and of Auction Sales in which the Description of Ceramic Objects occupy 
an important place ; and to the most important Price Lists of the Ancient and Modern 
Manufactories of Pottery and Porcelain. 
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In Large 8vo. Cloth. With 147 Illustrations. 15a. net. 
A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT 

By Prof. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 
English Edition by HARRY T. CALVERT, M.Sc, Ph.D., F.I.O., 

Chief Chemical Assistant, West Killing of Yorkshire Bivers Board. 
Contents.— Growth of Biver Pollution.— Legal Measures taken by Central and Loca 
Authorities. — Rise and Development of Methods of Sewage Treatment. — Earlier Viewi 
on Methods of Treatment.— Characteristics of Sewage.— Objects of Purification Works 
—Methods for the Removal of Suspended Matters.— For the Removal of Putrescibility.- 
Disinfection.— Supervision and Inspection of Works.— Utility and Cost. — INDEX. 

" For the excellent translation of Professor Dunbar's work the thanks of all Sani 
tarians are due to Dr. Calvert. We heartily commend the book as a peculiarly fair anc 
impartial statement of the present position of the sewage problem."— Lancet. 



Beautifully Illustrated, with Numerous Plates, Diagrams, and 
Figwres in the Text. Sis. net. 

TRADES' WASTE: 

ITS TREATMENT AND UTILISATION. 
Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 
By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector of Rivers, Ribble Joint Committee. 
"There is probably no person in Engla.nl to-day better fltted to deal rationally witb 
anch a subject."— British Sanitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 

SMOKE ABATEMENT. 

A Manual for the Use of Manufacturers, Inspectors, Medical Officers of 
Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
" We welcome such an adequate statement on an important subject."— British 
Medical Journal. 

Second Edition. In Medium 8vo. Thoroughly Revised and Re-Written. 

15s. net, 

CALCAREOUS CEMENTS; 

THEIR NATURE, PREPARATION. AND USES. 

^With «on»e Remavha upon Cement Vesting. 

Bv GILBERT R. REDGRAVE. Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

" We can thoroughly recommend it as a first-class investment."— Practical Engineer. 
In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMISTS. 

By FRANK B. GATEHOUSE, F.C.S. 

General Contents.— Introduction.— Chemicals and Apparatus. — Books. —Analysis and 
Calculations of Raw Materials.— Analysis of Fuel, Kiln Gases, Lubricants and Water. — 
Cement Analysis. — Gypsum, Plaster, &c, Burnt Lime. — Appkndicrs.— Index. 

" Will he of grent use in Cement Works."— Architect. 

"Concise . . . excellent . . . n useful addition to Cement Literature."- Ca*trr*f* 
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With Tour Folding Plates and Numerous Illustrations. Large 8vo. 
8s. 6d. net. 

WATER SUPPLY: 

A Practical Treatise on the Selection of Sources and the Distribution of Water. 
Br REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Meoh.E., F.S.I., 

Abridged Contents.— Introductory. — Requirements as to Quality.— Requirements 
as to Quantity.— Storage Reservoirs.— Purification.— Service Reservoirs.— The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. 

"As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookshelf." — Practical Engineer. 



In Large Crown 8vo. Fully Illustrated. In Two Volumes. 
Volume I. Fourth Edition. Price 7s. 6d. net. 
,, II. Third Edition. Ready Shortly. 
THE CHEMISTRY OF 

GAS MANUFACTURE : 

A Hand-Booh on the Production, Purification, and Testing of Illuminating 
Gas, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

Formerly Head Chemist, Gas Works, Beckton, London, E. 
" The BEST WORK of its kind which we have ever had the pleasure of re- 
viewing." — Journal of Gas Lighting. 



Second Edition, Revised. vVith Diagrams and Illustrations. [Shortly^ 

ACETYLENE: 

THE PRINCIPLES OE ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.C., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 
Consulting Chemist, Author of "The Chemistry of Gas Manufacture." 

" Brimful of information."— Chem. Trade Journal. 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide."— Acetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, investigation, and Prevention of Fires and Explosions. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 

By C. T. 0. SALTER. 

Abbmdqed General Contents.— Fires and Explosions of a General Character — 

Dangers arising from Sources of Light and Heat.— Dangerous Gases.— Risks Attending 

Special Industries. — Materials Employed. — Agricultural Products. — Fats, Oils, and 

Resins.— Mineral Oils and Tar.— Alcohol, &c— Metals, Oxides, Acids, &c— Lightning 

Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics." — Fire and Water. . „ 

" A complete and useful survey of a subject of wide interest and vital importance. — 
Oil and Colourman's Journal. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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Fourteenth Edition, Thoroughly Revised. Price 6s. ' 

PRACTICAL SANITATION: 

A HAND-BOOK FOR 8ANITARY INSPECTORS AND 0THER8 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Feliow, Mem. Council, and Examiner^ Sanitary Institute of Great Britain, 
and Medical Officer to the Staffordshire County Council. 

TWUtb an Bppenoti on Sanitary law. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Barrister-at-Law. 

General Contents. — Introduction. — Water Supply: Drinking Water, Pollution of 
Water. — Ventilation and Warming. — Principles of Sewage Removal. — Details of Drainage; 
Refuse Removal and Disposal. — Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection. — Food, Inspection of; 
Characteristics of Good Meat; Meat, Milk, Fish, &c, unfit for Human Food. — Appendix: 
Sanitary Law ; Model Bye-Laws, &c. 

" A VERY USEFUL Handbook, with a very useful Appendix. We recommend it not only to Sanitary 
INSPECTORS, but to HOUSEHOLDERS and ALL interested in Sanitary Matters. '—Sanitary Record. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. j ncor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorks. 

Contents.— Water Supply. — Ventilation. — Drainage. — Sanitary Building Construction. — 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
Lodging-Houses.— Infectious Diseases Acts. — Factory and Workshop Acts.— Housing of 
the Working-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 
garine Acts.— Sale of Horseflesh, &c. Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 

" Accurate, reliable, and compiled with conciseness and cut."— Sanitary Record. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Practical Manual of Town Drainage and Sewage and Refuse Disposal. 

For Sanitary Authorities, Engineers, Inspectors, Arohlteota, 

Oontraotore, and Students. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL CONTENTS. 
Introduction.— Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers.— House Drainage. - Land Drainage.— Sewers. — Separate System.— Sewage 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manholes, &a— Trade Refuse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing ol Sewers. — Refuse Disposal.— Chimneys and Foundations. 

" The volume brlitlel with Information which will be greedily read by those In need ot assistance. The 
book Is one thnt ouifnt to be an the bookshelves of 8VBRY PRACTICAL BNGINBBR."~J«Mttary yournml 
" A VERITABLE POCKET COMPBNDIUM o( Sanitary Enirineertae. ... A work which may. In 
many respects, be considered as COMPLETE . . . COMMBNDABLY cautious . . . INTERESTING ■ 
. . , SUGOBSTIVB,"— A<M;r Hialtk Bnginetr 

•-0NDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAMn 



CHEMISTRY AND TECHNOLOGY. 79 

1 ' ' 

Second Edition. In Large 8vo. Handsome Cloth. Beautifully 
Illustrated. With Plates and Figures in the Text. Sis. net. 

RO/D MAKING AND MAINTENANCE: 

A Practical Treatise for Engineers, Surveyors, and Others. 

With an Historical Sketch op Ancient and Modern Practice. 

By THOS. AITKEN, Assoc.M.Inst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the Sanitary 
Inst.; Surveyor to tbe County Council of Fife. Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND ILLUSTRATIONS. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
Tew Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road- 
foiling and Scarifying. — The Construction of New, and the Maintenance 
i existing Roads. — Carriage Ways and Foot Ways. 

I' The Literary style is excellent. . . . A comprehensive and excellent Modern Book, an 
g-ro-DATE work. . . . Should be on the reference shelf of every Municipal and County 
Bgineer or Surveyor in the United Kingdom, and of every Colonial Engineer."— The Surveyor. 



In Handsome Cloth. Fully Illustrated. 10s. 6d. net. 

DUSTLESS ROADS. 
TAR MACADAM. 

By J. WALKER SMITH, 

Borough Engineer and Master of Works, Edinburgh. 

Intents.— Necessity for Improved and Standard Road Construction.— Tar.— Standardisation 
of atrix.— Aggregate for Macadam —Different Modes of Preparing and Laying.— Mechanical 
Mil?.— Effects of Wear, Density, Porosity, Distribution of Weight.— Scavenging ; Watering and 
Matenance. — Camber ; Gradient, Noiselessness, Hygienic Advantages. — Rolling. — Tractive 
Eftt. — Statistics.— Tar Spraying on Ordinary Macadam Surfaces.— Appendices. — Index. 

■[he book is in every respect up-to-date and very suggestive. It is written by one 
whlhas had unique opportunities for studying the subject, who has made himself 
matr of all its details, and who is not afraid to express his opinions thereon. It is, 
thefore, practical in the best sense of the term."— County and Municipal Record. 



In Demy 8vo. Handsome' Cloth. With Many Tables. 
THE THEORY AND PRACTICE OF 

E AMELLING ON IRON AND STEEL. 

By JULIUS GBUNWALD, 

Technical Chemist and Works' Manager. 

ColWs.— Introduction.— The Raw Materials.— The Mixing, Dissolving, and Appli- 
cation Enamel.— Heating and Pickling Goods in the Rough.— Correct laying on.— 
Bakinfnamelled Ware. — Decoration of Enamelled Objects.— Photo-Ceramics in their 
ApplHon to Enamels.— General and Statistical Chapter.— The History of Enamels 
and thnj 8eB ._iHDEX. 

lOH^I: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAN& 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. 30s. net. 
A TREATISE ON 

COLOUR MANUFACTURE, 

A Guide to the Preparation, Examination, and Application of all the 
Pigment Colours in Practical Use. 

By GEORGE ZERR and Dr. R. RttBENCAMP. 

Authorised Enolish Translation bt Dr. C. MAYEB,, of Burodorf. 

' ' This comprehensive guide . . . useful and interesting."— Oil and Colour Trades 
Journal. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLOURS, OILS, AND YARNISHES : 

A PRACTICAL MANUAL. 

By GEORGE H. HURST, F.C.S. 

General Contents. — Introductory — The Composition, Manufactur:, 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Gree, 
Blue, Brown, and Black— Lakes — Colour and Paint Machinery — Paint Vehicls 
(Oils, Turpentine, &c. , &c. ) — Driers — Varnishes. 

" A THOROUGHLY practical book. . . . Satisfactorily treats of the manufacture! 
oils, colours, and pigments." — Chemical Trades' Journal. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTERS LABORATORY GUIDL 

A Student's Handbook of Paints, Colours, and Varnishes 

By GEORGE H. HURST, F.C.S. 

Abstract of Contents. — Preparation of Pigment Colours. — Chemical Piracies 
Involved. — Oils and Varnishes. — Properties of Oils and Varnishes. — Tests and Expennvts. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook, . . . the model of what a handbook should be.''— Us, 
Colours, and Drysalteries. 



Third Edition, Revised. In Crown 8vo. extra. With Numerous nitra- 
tions and Plates (some in Colours), including Original Designs. 12s. i. 

Painting 1 and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

(.KCTURRR AT THE MANCHESTER TEOHNIOAL SCHOOL FOR HOUBK-PATHTrHO AND DECOjrNO 
"A THOROUGHLY USEFUL BOOK . . . GOOD, SOUND, PRAOTIOAPFOB- 

mation in a clear and concise form." — Plumber and Decorator. 

" A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So JL and 

complete that it would be difficult to imagine how anything further ild be 
added about the Painter's oraft."— Builder? Journal. 



LONDON: CHARLE8 GRIFFIN & CO., LIMITED. EXETER STREET, SAND. 



CHEMISTRY AJSjj m^^OLOGY. 8* 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 16s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, its Chemieal and Physieal Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 
Including the Outlines of a Theory on Vulcanisation. 
By CARL OTTO WEBER, Ph.D. 

#" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete resume of every thing known on the subject."— India-rubber Journal. 



In Handsome Cloth. Fully Illustrated, ios. 6d. net. 
THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs. J. G. Ingram & Son, London. 

General Contents. — Raw Material and its Preparation. — Vulcanisation. — Rubber 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
— Regeneration of Waste Rubber. — Specific Gravity of Rubber Goods. — Index. 
"Can be recommended as a very practical and useful work."— Nature. 



In Larg6 Crown 8vo. Fully Illustrated. 5s. net. 

GLUE, GELATINE, 

AND THEIR ALLIED PRODUCTS, 
A Practical Handbook for the Manufacturer, Agriculturist, arid Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents. — Historical. — Glue. — Gelatine. — Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Uses- 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Appendix. —Index. 

'* A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book . . . of real value." — Chemical Neivs. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 

LEATHER TRADES' CHEMISTRY. 

A Practical Manual on the Analysis of Materials and Finished Products. 
By S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis of Contents. — Standard Solutions. — Acids, Alkalies, &c. — Water.— Depilation- 

and Deliming. — Fleshings, &c. — Glue. — Spent Liquors.— Mineral and Vegetable Tanning. 

Agents. — Oils. — Soaps. — Varnishes. — Skin. — Leather. — Dyestuffs.— Degreasing Agents.— 

Effluents. — Glossary. — Index. 

'* Mr. Trotman has admirably succeeded in his aim. . . . Practically every section of 
the leather trade chemistry is gone into." — Leather Trades' Review. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 
By C. A. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

' ' Thoroughly well arranged . and of a genuinely practical order." — British Printer. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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THE TEXTILE INDUSTRIES. 



Second Edition, Thoroughly Revised Throughout. In Two Large 
Volumes. Handsome Cloth. 

A MANUAL OP DYEING; 

■FOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, 8TUDENT8. 
AND ALL INTERESTED IN THE ART OF DYEING. 

by » 

E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

Head of the Chemistry and Dyeing Department of Late Head of the Chemistry and Dyeing Department 

due Technical School, Manchester; Editor of "The of the Technical College, Bradford ; Member 
Journal of the Boolety of Dyers and Colouriete ; " Council of the Society of Dyen and Colouriita ; 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents. — Chemical Technology of the Textile Fabrics- 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters— Artificial Organic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Mattere— 
Analysis and Valuation of Materials used in Dyeing, &c, &c. 

" This authoritative and exhaustive work . . . the most cohplktb we have yet Been 
•on the subject." — Textile Manufacturer. 



In Large 8vo, Handsome Cloth. Pp. i-xv + 405. 16s. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and TDbingen), 

Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), F.E.S., 

Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analytical. 

" We have no hesitation in describing this treatise as one of the most valuable books 

that has appeared. . . . Will give an impetus to the study of Organic Chemistry 

generally." — Chemical 7 rade Journal. 



Companion Volume to Knecht <t Rawson's "Dyeing.'' In Large 8vo. 

Handsome Cloth, Library Style. 16s. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formulas, Properties, and Applications of the various substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

Consulting Chemist to the Behar Indigo Planters' Association ; Co- Author of "A Manual 

or Dyeing : " 

WALTER M. GARDNER, P. OS., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; 
Editor of the " Journ. Soc Dyers and Colourists ; " 

And W. F. LAYCOOK, Ph.D., F.CS., 

Analytical and Consulting Chemist 
" Turn to the book (lb ono may on any suhioot, or any substance In connection with the 
trarte, and a reference is sure to be fouud The nuthors have apparently left nothing out" 
— Te.rtU* Mercury, 

10ND0N: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET. STRiim 
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In Crown 8vo. Cloth. With Numerous Illustrations. 6s. net. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Guide to the Construction and Costing of Cotton Fabrics, 
with Studies in Design. 

By HENRY B. HEYLIN, 

Of the Royal Technical Institute, Salford. 
Contents —Weaving.— Designing. — Weaves.— The Power Loom and its Accessories. — 
Analysing or Dissection of the Cloth. — Cloth Quoting or Costing. —Division of the Cotton 
Industry in England.— Yarns for Manufacturing Purposes,— The Selection of Warp Yarns 
and Yarn Testing.— Bead and Heald Counting and Calculations.— Important Labour 
Units in a Weaving Mill.— Miscellany. —Illustrations of Machinery.— Examination Ques- 
tions.— Index. ,1 

"Mr. Heylin's text-book is a very reliable one. It is difficult to mark out any special 
points among so much excellent matter."— Dyer and Calico Printer, 



Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE. TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Bellast and Lille. 

General Contents. — Long Vegetable Fibres of Commerce. — Rise and Growth of 
the Spinning Industry. — Raw Fibre Markets.— Purchasing Raw Material. — Storing and 
Preliminary Operations. — Hackling. — Sorting.— Preparing.— Tow Carding and Mixing.— 
Tow Combing. — Gill Spinning. — The Roving Frame.— Dry and Demi-sec Spinning. — Wet 
Spinning.— Spinning Waste.— Yarn Reeling.— Manufacture of Threads, Twines, and 
Cords. — Rope Making. —The Mechanical Department. — Modern Mill Construction. - 
Steam and Water Power. — Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. ... We must highly commend the work as repre- 
senting up-to-date practice." — Nature. 



In Large Svo, Handsome Cloth, with Numerous Illustrations. 9s. net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurrence, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used in Spinning and Weaving 

By WILLIAM I. H ANNAN, 

Lecturer on Botany atthe ABhton Municipal Technical School, Lecturer on Oottou 
Spinning at the Chorley Science and Art School, &c. 
" Osefdl Information. . Admirable Illosteations. . . ."—Textile Recorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price 21s. 

TEXTILE PRINTING; 

A PRACTICAL MANUAL. 
Including the Processes Used in the Printing ol 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABRICS. 
By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. 3oe. of Ohem. Ind. ; late Lecturer at the Afunic. Tech. School. Manchester. 
** Bt far the best and mobt practical book on textile printing which has yet beeo 
brought out, a nd will long remain the standard work on the subject."— Textile Mercuty.. 

10ND0N: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRAND. 



M OHARLBS GRIFFIN db OO.'S PUBLICATIONS. 

Large 8vo. Handsome Cloth. 12s. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 



By GEORGE DUEKR, 

___achlng, Dyeing, and Printing Department at the Acei„ 
Technical Schools ; Chemist and Coiourist at the Irwell Print ' 



Director of the lileaching, Dyeing, and Printing Department at the Accrington and Bacup 

-*-*. Works. 



Assisted by WILLIAM TURNBULL 

(of Turnbull <St Stockdale, Limited). 

With Illustrations and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition of; Bleaching, New 
Processes ; Printing, Hand-Block ; Plat-Press Work ; Machine Printing — 
Mordants— Styles of Calico-Printinq : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
■Colours — Coal Tar Colours — Dyeing — Water, Softening of — Theory of Colours 
—Weights and Measures, &c. 

" When a ready way out of a difficulty is wanted, it is in books lies this that it is found."— 
Textile Recorder. 

"Mr. Dobrr's work will be found most useful. . . . The information given Is of obiat 
■value. . . . The Recipes are thoroughly practical. "—Textile Manufacturer. 



In Handsome Cloth. With 76 Illustrations. 5s. net. 

DYEING AND CLEANING. 

By FRANK J. FARRELL, M.Sc, <fec. 

General Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing.— Dry Dyeing. — Speoial Methods, 
•Cleaning and Dyeing Skin Rugs, Feathers, and Hats.— Finishing.— 
Appendices. — Index. 

" A timely and valuable contribution . . . well got up in every way."— Dyer and 
Calico Printer. 

UJNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREFT std.™ 



GRIFFIN'S "OPEN-AIR" SERIES. 85 

" Boys COULD HOT HAVE A HOSE ALLORINQ INTRODUCTION to scientific pursuit! 

than these charming-looking volumes. "--Letter to the Publishers from the Head- 
master of one of our great Public Schools. 

Handsome Cloth, 7s. 6d. Gilt, for Presentation, 8s. 6d. 

OPEH-MR STUDIES Ifl BOTflJlY: 

SKETCHES OF BRITISH WILD FLOWERS 

IN THEIR HOMES. 

By R. LLOYD PRAEGER, B.A., M.R.I.A. 

Illustrated by Drawings from Nature by S. Rosamond Praeger, 
and Photographs by R. Welch. 

General Contents. — A Daisy-Starred Pasture — Under the Hawthorns 
— By the River — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Bog — Where the Samphire grows — A Flowery Meadow — Among the Corn 
(a Study in Weeds) — In the Home of the Alpines — A City Rubbish-Heap — 
Glossary. 

"A FREsn and stimulating book . . . should take a high place . . The 
Illustrations are drawn with much skill."— The Times. 

" Beautifully illustrated. . . . One of the most accurate as well as 
■interesting books of the kind we have seen."— Athenaeum. 

"Redolent with the scent of woodland and meadow." — The Standard. 



With 12 Full-Page Illustrations from Photographs. Cloth. 
Second Edition, Revised. 8a. 6d. 

OPEH-MR STUDIES Ifl GEOLOGY: 

An Introduction to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology in the Royal College of Science for Ireland, 
and Examiner in the University of London. 

General Contents. — The Materials of the Earth — A Mountain Hollow 
—Down the Valley — Along the Shore — Across the Plains — Dead Volcanoes 
—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 
folds of the Mountains. 

"The fascinating 'Open-Aie Studies' of Peof. Oole give the subject a glow ok 
animation . . . cannot fail to arouse keen interest in geology."— Geological Magazine 

" A charming boos, beantifully illustrated." — Athenseum. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEfl-fllft STUDIES qi BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— Ou 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud 
flats. — Sea-laved Rocks. — Birds of the Cities. — Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries." — West- 
minster Review. 

IQNDON : CHARLES GRIFFIN & CO., LIMITED- EXETER STREET. STRAW 
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0HARLE8 GBIFFIX <fe GO.'S PUBLICATIONS. 



Twenty-sixth Annual Issue. Handsome cloth, 7s. 6d . 
(To Subscribers, 6s.) . 

THE OFFICIAL YEAR-BOOK 



SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

COMPILED FROM OFFICIAL SOURCES. 

Comprising [together with other Official Information) LI8TS of the 
PAPERS read during the Session 1908-1909 before all the LEADING 
80CIETIE8 throughout the Kingdom engaged in the following Depart- 
ments of Research ; — 

S I. Science Generally : i.e., Societies occupy- 
ing themselves with several Branches of 
Science, or with Science and Literature 
Jointly. 

8 3. Mathematics and Physics. 

§ 3. Chemistry and Photography. 

§ 4. Geology, Geography, and Mineralogy. 

S s. Biology, including Microscopy and An- 
thropology. 



§ 6. Economic Science and Statistics. 

S 7. Mechanical Science, Engineering, and 

Architecture 
i 8. Naval and Military Science. 
$ 9. Agriculture and Horticulture 
§ ro. Law. 
§11. Literature 
{13 Psychology. 
§ 13. Archaeology. 



$14. Medicine. 



"Fills a very real want." — Engineering. 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Journal. 

" The Yhar-Book of Societies is a Record which ought to be of the greatest use 'or 
the progress of Science." — Lord Play fair, P.R.B., K.C.B., M.P., Past-PrttuUni ot tkt 
British Association. 

"It goes almost without saying that a Handbook of this subject will be in time 
one of the most generally useful works for the library or the desk." — Tht Timts. 

" British Societies are now well reprewntea La the ' Year- Book of the Scientific and 
Learned Societies of Great Britain and Ireland.'"— (Art. "Societies" in New Edition of 
" Encyclopaedia Britannica," vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 



'ThejnjARjjooKMJFjjoaETiRS forms a complete index to the scientific work of the 
sessional year in the various Departments. It is used as a Handbook in all our great 
Scientific Centres, Museums, and Libraries throughout the Kingdom, and has become 
an indispensable book op reference to every one engaged in Scientific Work. 
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